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A SYSTEM AND METHOD FOR 
DIAGNOSIS OF DISEASE BY 

INFRAM^ANAL^ 
HUMAN TISSUES AND CELLS 

3 

Held Of The Invention 

Hie present invention relates generally to systems and methods for 
diagnosing diseased from non-diseased human dssue and cells. More specifically, the 
piesent invention relates to systems and methods for diagnbsiiig diseased firom non- 
10 diseased human tissue and cells, and for providing for the abili^ to grade the leyel of 
disease in the diseased human tissue and cells that is found. 

Bad^round Of The Invention 

It is known fiiat cancer cdls evolve as they accumulate errors in the 

15 parts of their DNA that encode factors regulating the growth and division of cells. 
Cancer emerges when die balance of diese factors fovors unconstrained growth of c6lls 
so that the cells divide without regard for body economy and indq}endent of dieir loca- 
tion in the body. These properties of cancer cells are tighdy regulated in normal cells 
and dysplastic cells, which have limits on the rates of division and stricter limits on 

20 locations in the body in which they can live. 

It is also known that there is no single way to describe the sequential, 
accumulation of errors in cellular DNA that leads ultimately to cancer because there 
are a multiplicity of factors that regulate the growth of cells. Therefore, an imbalance 
between factors regulating growth by promoting or constraining it can be arrived at in 

25 many different ways. 

-The evolution of a normal cell to a cancer cell is shown gn^)hically in 
Figure 1, generally at 100. In Figure 1, normal cell 102 may evolve to cancer cell 104 
by way of paths 106, 108, 110, 112, or 1 14. Each path reflects the accumulation of 
damage to DNA that is different as to the exact sequence or site of damage to DNA 

30 and as to the time-dependence for damage to the same sequences of DNA in different 
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patients. The luimbeis in the boxesinagiven path repicK 

growth and change of nonnal cells. If six genes aie mutated, a normal ceU will evolve 

into a cancer celL As is shown, each path has a different sequence of gene mutation 

thatresuUinacancercelLAlthoughonlyfivepadisareshownandsixmutationsarB 
5 shown for each path, this is only to be regarded as a representation because there can 

teagreaternimiberofpathsandagreaternuinberofmutationsinsuchpaths. Moic- 
over, aU paths may not have the same length, if plotted as a function of time, because 

some damaged sites may lead more rapidly than others to toss or restraint of ceU 
growA and division. Nevertheless, all of the paths lead to acommon end-point, which 
10 is loss oriestraint on ceU division and growth and cells with d»e properties of cancer 
cells. It. however, is not known whether there is any relation between morphologic 
grades of dysplasia and the time-dependent progress to cancer according to Rgure 1. 

Since specific regions of DNA that are permanentiy damaged generaie 
abnormal proteins, ceU stmctores leading to die cancerous state wiU be different even 
when different patients have cancers of die same type of celL Tie impact of tiiis reaUty 
has a profound effect on tiie pafliological detection of precancer. 

Over Uie last 30-40 years, there has been numerous efforts to improve 
upon the ability to obtain early diagnosis of diseased tissue so that effective treatment 
plans may be devised to arrest or eliminate the disease in tiie body. This, however, has 
20 proven impossible in some cases because at tiie early stages of a disease, cunem tech- 
nology has extreme difficulty detecting the existence of such a disease. Moreover, 
because of die inaccuracy of current testing mediods. diere is a large number of false* 
positives or false-negatives which weigh heavily on die abiUty to rely on only any sin- 
gle test to determine die existence or non-existence of diseased tissue or cells. This 
high number of false-positives and false-negatives has had tiie added effect of eroding 
patient confldence in his or her physician. Therefore, it is easUy understood why 
patients who have been diagnosed widi a disease, such as cancer, do not know who or 
what to believe about his or her possible iltaess or whedier or not to commence a par- 
ticular treatment regimen. 

The importance of examining cells in die context of controlling die 
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ccr reflects that surgical biopsies cannot be used as a basis for surveillance of millions 
of people for evidence of the early stages of diseases that lead to cancer because biop- 
sies are di£Bcult, time consuming, and ^pensive. By contrast, cells can be obtained 
relatively cheaply via non-invasive or minimally invasive (and safe) methods and, 

5 therefore, are ideally suited for purposes of die surveillance of early disease. It is even 
faster, less cosdy, and safer to aspinite cdls from a tumor through a fine needle than to 
biopsy the tumor. A problem however, is diat diagnostic pathology services are not as 
accurate in examining cells collected by fine needle aspiration as they are in examining 
surgical biopsies of the same tumors. 

10 IronicaUy, the earfiest stages of disease are the hiurdest to detect with 

current methods of diagnostic pathology. Hence, the pressing need is to improve die 
results from exiunining cells. There is a need too for the capadt^ 
tion of precancerous disease from the earliest time they are detectable in order to deter- 
mine the most opportune time to interv^e therapeutically and to choose for each 

IS patient the most efficient and effective fom of therapy. Neither of these goals is 
achieved by current methods of diagnostic padiology. 

With respect to PAP smear oanunations, it has been recommended tiiat 
ev^ woman who is sexually active or over die age of 18 have a one of cervical cells 
once a year. Womra take this test to determine die existence or non-existence of cer- 

20 vical cancer. 

To perform a PAP smear test, cells obtained by the gentie scraping of 
the cervix are smeared on glass slides, fixed, stained, and viewed microscopically in 
order to determine whether the cells are normal or whether they are infected with pre- 
cancerous disease, which is called "dyplasia." Other diagnoses that are made by exam- 

25 ination of the cervical smear are inflammatory response, atypia, and atypical squamous 
cells of undetermined significance ("ASCUS'O- Except for an inflammatory response 
masking dysplasia or masquerading as dysplasia, the diagnosis of normal cervical cells 
in the presence of an inflammatory response is not clinically significant The diagnoses 
of atypia and ASCUS are extremely troublesome for the clinician because they are 

30 equivocal with regard to the absence of dysplasia, which other than "normal" is a key 
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pathologic/cytologb diagnosis. 

The vaUdity of diagnostic pathology techniques has bcOT es^ 
the experience of the las 1 40-50 years in detecting and treating precancerous disease of 
flie cervix. Hie early detection of precancerous lesions in cervical ceils by the tech 
nique of examining cervical cells removed by gende scraping of the cervix (the PAP 
lest) has reduced the incidence of invasive cancer of tiie cervix by about 2/3. 

In the United Stales alone, there are about 50,000 cases of precancer 
diagnosed per year on die basis of cancer screening via die PAP test This means diat 
50,000 American women a year are spared the development of invasive cancer of the 
cervix brcanse precancerous disease is detected in tissues and cells prior to the evolu- 
tion of aflfected cells to cancerous cells. Tliis experience shows, tiierefore. that it is eas- 
ier; less costiy. and mote effective to treat and cure precancerous cells as compared 
widi cahc^us cells. 

PAP smear tests experience a large percentage of false-negative or false 
15 positive results. As such, 1/3 of women with invasive cancer of die cervix have had a 
recent normal exandnation of cervical cells. Le., a normal PAP test False-negative 
results, in fact, are as high as 40% for examination of cervical cells. It is clear that 
screening for precancer of die cervix (and odier epidwUal tissues as weU) needs to be 
improved. 

20 Once a PAP smear has been completed, die pathologist or cytologist 

provides a diagnosis of dysplasia. In doing so. he or she indicates die level of the dis- 
ease seen on smear as CIN I. CIN n. or CIN m based on die extent to which die cells 
appear abnormal. The relationship of diese designations is shown generally in Rgure 2 
at 200. As shown in Figure 2, normal cell 202 wiU evolve to cancer ceU 204 after going 

25 throughCINIand208.CINnat212andCINniat2l4.nieCINlgradeat206refere 
to cells Uiat have minimal changes of precancer The CIN E grade at 208 refer to cells 
diat have moderate changes of precancer. Finally, die CIN m grade refers to cells diat 
are beUeved to be on die verge of becoming invasive cancers. Such diagnoses alert die 
cUnician diat precancer exists and diat some type of treatment of die precancer is 

30 needed to cure die condition and prevent die ultimate evolution of frank cancer. 
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In the event that a PAP smear is interpreted as nonnal, and the clim 
has no reason to doubt tb& accuracy of the diagnosis, nothing further need be done in 
searching for precancer except to retest the patient in one year. In the event that dyspla- 
sia is foond or the patient's doctor is suspicious of the meaning of an equivocal diagno- 
5 ^/e.g.t atypia or ASCUS, a culposcopicexainination is performed. 

Colopscopy is the process of directly viewing the cervix under magnifi- 
cation via an optical device inserted into the vagina. It also involves staining of the tis- 
sues with dilute acetic acid to facilitate visualization of abnormalities. The physician 
biopsies areas of disease during die colposcopic, based on visual evidence of disease . 
and clinical judgment Sometimes biqisies are taken of the out^ region of the cervix 
even m the absence of id^tifiable disease. Additionally, biopsies usually are taken of 
die endocervical tissues that are not accessible by direct visualization during colpo- 
scbpic. Hence, the PAP smear is used as a screening test for determining wheth^ col- 
poscopy is necessary to confirm the existence of significant disease or to resolve the 
IS non-existence of such disease. 

Colposcopy and biopsy of cervical tissue regularly detect precancer and 

cancer in cervical cells in padents in whom PAP smears are normal In fact, FAP 
smears detect no more than 50% of women with precancer that have colposcopic 
examination and subsequent evidence of jprecanoer. The reasons for this include fliat 

20 there is sampling of tissue imder direct visualization of diseased areas during colpos- 
copy while not during collection of cells, that biopsies collect tissue at depth while 
cells may be collected only from the superficial layer of the squamous epithelium of 
the cervix, and there is greater difficulty in microscopically examining scattered cells 
versus the examination of contiguous cells in a biopsy. Most importantly, however, 

25 biopsies obtained during colposcopy are considered "the gold standard" for determin- 
ing whether disease is present, and the biopsy of tissue is believed to be the most cer- 
tain method for detecting or excluding disease. 

Typical results of cytologic examinations of cervical cells and histo- 
pathologic examinations of cervical biopsies from the same women are summarized in 

30 Tables 1 to 3. These results provide graphic examples of the kinds of problems diat 
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exist and need to be solved. TaMe 1, for example, provides data for 15 women that 
compare the results of cervical cytology (PAP smears) and biopsies of cervical tissue, 
(obtained at the time of co^sosoopy). 



20 



TaUel: 



PATIENTS 


rAr RESULT 


BIOPSY RESULT 


PAIIENtI 


LOW GRADE C3N 


CINn-HI 


PAnENT2 


ASOIS 


am 


PAllJfawt'3 


U>WGRADHaN 


am 


i'AllllNT4 


ASCUS 


am 


PAHENTS 


NEGAtlVE 


ami 


PAnENT6 


LOW GRADE ON 


ami 




ASCUS 


am 


PAtlENTS 


LOW GRADE ON 


am 


PA'nENT9 


LOWORADECIN 


am 


PAHENTIO 


HEGHGRADECIN 


ciNn-ni 


PATIENT U 


HIGH GRADE ON 


ONI 


PAnENTl2 


HIGHGRADEON 


ciNn 


PATIENT 13 


LOWGRADEON 


ciNin 


PATIENT 14 


NEGAnVE 


ONI 


PAHENTIS 


SQ.ATYPU 
. CAN'T R/OCINl 


ciNm 



25 



As is seen, there is poor correspondence between the diagnoses made by examination 
of cervical cells and the diagnosis made on the basis of cervical biopsies. 

The problem of making accurate diagnoses is illustrated fiirfli» by the 
results in Tible 2. which shows the results of diagnosis made by four pathologists on 
the same data of 16 patients. 



30 
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15 



PAITENT 


ORIGINAL 
SlGNcU OUT 


PAIHl 


PAra2 


PAIH3 


PArH4 


PAIIENTl 


ljO^RECCX>LPb 


I ASCUS 


21X3 


IHG 




PAnENT2 


ATYFIA UNDET. SIGN. 


1 REACT 


1 ASCUS 


ILG 


IHO 


PAnENT3 


LG-HPVRECCOLPO 


I ASCUS 


3LG 






PAnENT4 


ASCUSAX>LPO 


ISQMET 


2INF 


1 ASCUS 




PAHENTS 


NEOFORMC 


1 ASCUS 


lINF 


ILG 


IHG 


PAnENT6 


1jG«PVRECCX)LP0 


2ASCUS 


2IjG 






PAnENT? 


ASCUS 


3LG 


IHG 






PATIENTS 


LO-SIL 


2 ASCUS 


ILG 


IHG 




PAnENT9 


LG/HPV 


2IjG 


2LQAIO 






PAUENTIO 


NOPAPONEDLE 










PAnENTU 


HO 


2INF 


ILG 


IHG 




PA[IENT12 


HGf-SIL ADVISE COLPO 


IINF/Lq 


ILG 


2HG 




PAnENT13 


HG. MOD DYS 


2IjG 


2HG 






PATIENT 14 


LG^ ADVISE CX>LPO 


lASOLQ 


ILG 


2HG 




PAHENTIS 


NEC INFLAM CELL 
CHANGES 


1 ASCUS 


2LG 


IHG 




PAnENT16 


SQ ATYPIA/CANT RA) LG 


I ASCUS 


ILG 


2HG 
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L0 = 


Low Grade 


INFLAM=r 


Inflammation 


COLPO = 


Colopscopy 


HPV = 


Human papilloma viius 


HG:= 


High Grade 


SQMET=s 


Squamous Metaplasia 


REC = 


Recommend 


SIL = 


Squamous latraeintfaeltal Lesion 


NEGs 


Negative 


Ascys= 


Atypical Squamous Cells Uodctemiined Significance 



As stated, listed are the individual diagnoses of four pathologists, who examined the 
same smears of cervical cells without knowledge of diagnoses reached by other pathol 
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ogists. Tible 2 shows poor agreement between pathologisis examining the same cells. 
As will be seen in Table 3. the inter-individual variation in diagnosis does not improve 
whm cervical biqisies aze examined. 

TSible 3 shows the indtvidoal diagnoses of four pathologists examining 
mdependently the biopsies c(»iesponding to the cervical cells. 

TobleS: 



rATltNT 


ORIGINAL 
SIGNOUT 


PAIHl 


FATHl 


PAraa 


PArH4 


PAIIENTl 


ciNn*m 


ICaNIMI 


lONrtffV 


2CINS/as 




PAn£NT2 


CINE«FV 


lINFAnf 


2aNi 


ICINI/HPV 




PAIXENTa 


ONI 


IHPV 


ICINKHPV 


2CINI 




PAnENT4 


ONI 


3CaNI 


laNm 






PATIENTS 


com 


lONUI 


ICSNWfH 


ICiNlU 




PATIENT 6 


am 


lanm 


lONirapv 


lONn 


laNm 


PATIENT? 


CINI«PV 


lONI 


lONi-n 


lOHWHPV 




PAnENTS 


CaNMIPV 


IINPCH 


IHPV 


ICDWHPV 


iciNin/cis 


PATIENTS 




2 CM 


2CINI/HPV 






PAnENTlO 


ONI^I 


lONraiv 


lONim 


laNn/HPv 


laNn/m 


PAnENTll 


QNII-III 


lONI 




ICINn/HPV 




PAHENTU 


ONI 




iciNun 


3CINn 




PATIENT 13 


CINII 


2ciNyn 


2 CINII 






PATIENT 14 


oNin 


2CINni 


ZCINIQCIS 






PATIENT 15 


ciNi-n 


lONn 








PAnENT16 


QNOI 


1 CXND/m 


iciNm 


las 
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15 



20 



25 



30 



Table 3 demonstrates the generaUy poor agreement between pathologists as to the 
exact diagnoses when made by examining the same cervical biopsies. In fact, there is a 
significant discrepancy between pathologists as to the type of disease present, given 
that dysplasia (CIN) is a serious problem whUe diagnoses such as inflammatory 
response, reactive response, or squamous metaplasia are not medically significant 
Moreover, there is virtoally no agreement on grading the degree of dysplasia. 
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As stated the pathologists' view of the evolution of nonnal cells to can- 
cer as dq)icted in Bguie 2. Hie cdls evolve along a linear and singular path from nor* 
mal to frank cancen This idea has considerable clinical value because it suggests that 
the extrat and rate of progression of precancer can be tracked in patirats, tfiat the 

5 exflt^ination of cells and tissues allows for predicting the rate of approach to cancer, 
that the selection of the most optimum time and ^pe of therapy for each patient can be 
chosen, and that the efficacy of agents that are purported to affect the rate of progres- 
sion of cells to cancer can be determined. In practice, however, the classification in 
Hgure 2 and the idea expressed by it are of no value clinically because tiie designa- 

10 tions of CIN I to in are essentially arbitrary and the realities of what is shown in Figure 
1 iaust be considered. 

No attempt has been made to use what is shown in Figure 2 for the pur- 
pose of tracking the course of disease in individual patients. A woman's past PAP 
smears or cervical biopsies are almost never compared vdth current ones for the pur- 

15 pose of tracking the course of her disease. The grading system is used only for select- 
ing treatment at a single point in time; but even when used this way, the exanqiles in 
Table 3 indicate that the grading system is unlikely to optimize the selection of therapy. 
Thus, women may be treated for cervical disease not so much according to tiieir real 
disease biit according to the pathologist's subjective interpretation of the tissue or cells 

20 obtained for examination. 

The diagnostic pathology services that are used to perform the work 
discussed above have inherent limitations. These limitations restrict the usefulness of 
the diagnostic activity and impact negatively on the practice of clinical medicine. One 
of the main reasons for this is that diagnostic patiiology services are completely sub- 

25 jective. 

Under current methods, the collection of infomiation from tissue or 
cells may result in interpretations of such information that varies tremendously 
because these interpretations are subjective arid not based on some standard. For 
example, current diagnosis of disease may be obtained by microscopic examination of 
30 fixed, stained tissues. During examination, the examiner looks for clues that indicate 
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whether a i»rticular disease is present A few of 

for in tfiis civaluatim are changes in die size and ^pe of compohoits in cells, die 
amounts of different components (for example, the volume occupied by the nucleus of 
the cett as compared with the total volume of the ceU), and the intensity with wWch 

5 components staiiLTheevaluationofthese items win depend solely on the exam 
pathologist, his badcground, and his experience. 

The type of evolution just described did not at any stage attempt to 
assign numerical valueto or weight to various diagnostic criteria orto quantitate how 
abnormal cells difBer fiom noimaL Judgments were made only on the existence or non- 
10 existence of diseased tissue and cells. What compUcates the evaluation process further 
is that not all cells in a section of tissue or on a sUde are affected equally, if affected at 
alL Also, the examiner often is looking for a few diseased cells amongst a large num- 
ber of normal appearing cells which is like trying to find a "needle in a haystack." 
which is not usually fruitfuL 

because of the subjective nature of data collection by an examiner and 
subjective interpretation of the medical relevance of the data, there is a crucial rela- 
tionship between the validity of a diagnostic opinion and the skiU, diUgence, and prior 
experience of the examiner, and the presence of factors that affect skiU, e g., fatigue 
and time-demands in the woric place. The results of these factors are that the quaUty of 
20 diagnostic services can vary widely in different locations. There are no ways to control 
these variations so long as the fundamental method of diagnostic pathology remains a 
subjective process. 

Even when levels of SkiU and experience in collecting information are 
considered equal and fatigue is not acompUcating factor, the subjective nature of the 
25 diagnostic process is reflected by high rates of disagreement between different patiiol- 
ogists as to what each saw in a sample of tissue or cells as has been discussed. The 
variabiUty. even appUes when a single pathologUt views die same sample at different 
points in time which results in diat examiner often disagreeing widi his or her prior 



30 Hie issue of subjectivity also results in die diagnostic padiology ser- 
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vices being provided only by pathologists. As such, such services will not be available 
in die absence of trained pathologists in reasonable proximity to sites at which samples 
of tissues and cells ate collected. Moreover, diagnostic pathology services are not 
available in many parts of the world because of the lack of trained personnel There- 
5 fore, when such services are performed without the assistance of trained patholo^ts, 
the quality of these services is extremely poor. 

Another issue is that the current knowledge of the causes and evolution 
of diseases, such as cancer, exceed the diagnostic capabilities of current pathology to 
leliably detect evidence of die eady stages of a disease or its forerunner: As such, there 
10 is a failuie to bring the maximum clinical benefit to patients that have, for example, a 
precancerous disease that can be treated if attacked early enough. More particularly 
widi respect to cancer, the current knowledge of the causes and evolution of cancer 
exceed the diagnostic powers of pathology to reliably detect evidence of the emer- 
gence of cancer from precancerous cells. Therefore, it is only after the diseased tissue 
IS or cells leach a threshold level that any detection can be made, ^ch may be too late. 

What is not always appreciated is that normal cells do not become can- 
cerous suddenly or in one step but develop over a period of time in a series of steps. If, 
in fact, one is able to have a detection system and method that can detect precancer at 
the earliest stages through frank cancer, it would be extremely helpful in the fight 
20 against cancer and other diseases. 

A further problem with diagnostic padiology services is that they are 

not suitable for monitoring, in real-time, the effect of a treatment regiinra on the evo- 
lution of the disease, such as cancer, from early stages, such as precancerous cells. 
Physicians need a real-time method for evaluating whether the progression of precan- 

25 cerous disease is responding to ureatmenL Real-time analysis of progress of disease in 
a given patient is especially important so a physician can accurately determine whether 
chemoprotective agents, which are used for the purpose of slowing the evolution of 
cancer from normal or even precancerous tissues, actual work. 

By real-time, what is meant is that a system would have the capacity to 

30 determine the rate of progression of disease in each individual patient by comparing 
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lhe properties of cells taken at differait tm^ 

simple, but it is not possible to do it with cunent methods of diagnostic pathology. 
Cunent methods cannot gnide accurately the extent of progress of precancerous dis- 
ease in an individoal patient The couise of disease and the response of disease to tiier- 

5 apyareonlyaccessibletodayviaietrospectiveepidemiologicstudiesthatgive.atbesu 
the average course of a disease and the average response of that disease to treatment 

Also diagnostic pathology services are dependant on the adequacy of 
samples submitted for analysis. In order for diagnostic pathology services to obtain a 
diagnosis, they must have an adequate amount of tissue or cells. Therefore, in the 
10 absence of the proper quantity, a diagnosis cannot be provided. Without quaUty control 
standards to ensure that an adequate amount of cells is provided, there is an inherent 
diminution in the value of the diagnostic procedure. 

In some appUcations of the current methods of pathology, and espe- 
cially in the examination of individual cells, the value of examination depends on the 
15 quaUty of the specimen coUected as well as Uie subjective coUection of information 
from the sample. Variation in tiie number of cells available for examination in samples 
of cervical cells can be as great from patient to patient as 1000-fold. Yet this disparity 
ahnost never becomes an issue because of what is done in reality. 

Reports of inadequate samples arc embarrassing to tiie referring phya- 
eian. who must recaU die patient and explain die need for acquiring a new sample. 
There is a tendency, therefore, for laboratories to protect their business interests by 
protecting referring physicians from the embarrassment of having coUected an inade- 
quate sample. 

Anotiier control issue is that laboratories, responding to economic 
25 issues, do not foUow recommended guidelines for sampling and examining cervical 
cells. The recommended mediod for obtaining cells and examimng them is to obtain 
separately cells from die endo- and exocervix. and to smear cells from die two loca- 
tions on separate sHdes. This recommended meOiod for sampling cervical cells gener- 
ally is ignored because it doubles the cost of performing the diagnostic examination. 
30 The same fee can be coUected, however, by examining a single sUde that presumably 
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has a mixture of cells from die endo- and exocendcal xegions as for the recommended 
two-slide method (which takes more time). Therefore, in many cases, the single slide 
method is used 

Other issues to consider are the economics of diagnostic piathology ser- 
S vices and the time involved to perform the services/The separation of the & 

cells from the pieoient, and transportation to a location of the specialized technicians 
and then to the pathologist or cytotechnologist, lead to long delays between acquiring 
samples and lend^g diagnostic opinions. Moreover, this adds considerably to the 
total cost of medical care. Jn some instances too, in which speed is essential for the 
10 diagnostic process, as for example m the operating room, the methods used to speed 
the diagnostic process from days to hours or to minutes are inherently infiuior to more 
time^nsuming methods. 

These and other problems are addressed by the system and rhethod of 

the present invratioru 
IS Summary Of The Invention 

Hie present myendon is a machine-based inethod for collecting and 
interpreting quantitative data on cells and tissues. The present invention makes it pos- 
sible to provide high quality diagnostic pathology services in medically-underserved 
regions of the world, including the United States. The present invention provides a 

20 basis for immediate diagnostic decisions for patients and physicians, leading in turn to 
immediate implementation of next-step procedures and treatment all in one visit to die 
doctor's office. This means that patients and the examining clinician can know almost 
instanUy whether or not the cells or tissue examined are normal or diseased, and the 
level of disease present if found. The advantages of bringing the diagnostic patiiology 

25 service direcdy into the doctor's office include immediate relief to the patient's concern 
about health as well as immediate clarification of what needs to be done next in order 
to treat the disease that is present, and include any otiier actions that are necessary. 

In the case that a sample is judged inadequate for making a reasonably 
certain diagnosis, a new sample can be obtained before the patient leaves the doctor's 

30 office. This adds to the quality of diagnostic services without mconveniencing the 
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patient or doctor and adds ntfle cost to the piocess of malm^ 
sis possible. 

Ihe present invention also solves anothw critical but often negl^ 
fiatuiBofthecostofddiveringmedicalcan^wIuchisthecoiltofpato^ 
5 ^ftwarelosttoprbperfonow-uptreabnentwhilediseaseispi^ 
stages. Patients attheUglu«t riskforca«^ 

most often lost to foUow-dp (as often as 25% of the lime) after a positi 
tesLAmajprcontiibutingfiKtortothislosstofoUow-upisthelongdetoybet^^ 
lecting cervical cdls ftom the patient and the rendering of a diagnosis 

10 «Way between collecting a specimen ofcells and Utt final dia^^^^^ 

pafliologist. the impact of die diagnostic decision is diminished. It is often not ddiv- 
eied in petson by the patient's doctor in die immediate clinical setting. The important 
problem of loss to foUow-up of patients widi treatable diseases wiU be d 
setting that patients and doctors know die diagnosis at the time cemcal samples (or 

15 pfter samples) are collected. TTie present invention also makes it possible for tiie clini- 

dan to have an imme<fiate comparison of results of previous tests with tiie te^^ 
conducted at tiie moment, whether or not the previous and die present tests were con- 
ducted by the same physician at die same location. 

There are medically compeUing reasons why diagnosis should be car- 
20 ried out prior to or without obtaining biopsies of tissues or cells. Tbe present invention 

makes fliis possible because by using a probe it coUects exacUy the sametype of infor- 
mation about cells and tissues within the body as it coUects from examining cells and 
tissues removed from die patient by biopsy TTie medical importance of diis aspect of 
the present invention is not simply to allow for gathering immediate diagnostic infor- 
mation from die patient but is to provide die abiUty to obtain more information from 
broader areas by examining tissues inside die body tiian is avaUable by taking biopsies 
or cells from the body and then examining tiiem. For example, the act per se of biopsy 
of tissue distorts tiie remaining tissue and bleeding that accompanies a biopsy distorts 
the physicians visual field of ti« diseased tissue. TTiese limit die number of biopsies 
tiiat can be obtained. Not infrequentiy. biopsies of suspicious tissues are reported as 
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"normal," which leads to recalling the patient, repeating the procedure, and obtaining 
even more biopsies. Additionally, biopsies cannot be taken in patients who have been 
placed on anticoagulants or who have taken aspirin and related drugs within a few days 
of the examination. 

5 The present invention provides a means for rapid identification of the 

area of tissue tihat is affected by canc^ or another disease prior to obtaining biopsies at 
the presuined margins between normal and diseased tissues. This information, in turn, 
allows the suigeon to make immediate and accurate decisions as to what portions of 
tissue to leave behind or remove. Moreover, the present invention provides a rapid, 

10 objective measure of the state of the tissue, which can be used to follow the patient's 
course after surgery. 

Noting the foregoing, an object of the present invmtion is to provide a 
non-subjective, quantitative system and method for the collection of data firom cells 
and tissues and to make inteipietations about the presence or absence of disease based 

IS on evaluation of these data. This objective makes it possible to apply a single standard 
of diagnostic accuracy anywhere in the wodd, independent of tiie local availability of 
pathologists or other professionals. 

A further object of the present invention is to provide quantifiable diag- 
nostic tools for determining when to treat patients with precancer, how to treat these 

20 patients, and whether or not these patients are responding to non*surgical therapies. 

Another object of the present invention is to solve the problem of qual- 
ity control of sampling by providing an objective, and quantifiable measure of the ade- 
quacy of samples of cells submitted for examination by providing doctors and patients 
with results based on the adequacy of the samples submitted for examination. 

25 A still further object of the present invention is to ensure that as much 

clinically useful information is derived by examining cells which is accomplished 
because the marginal, incremental cost of examining multiple cytological samples 
from a single patient, makes it possible to collect and examine cells in the field. 

Another object of the present invention, in the context of examining 

30 tissue within the body, is to provide a means for rapid identification of diseased tissues 
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in tiie setting of flie operating room. 

These and other objects of the invention wiU be described in the 
remainder of die specification tefening to the drawings. 

5 BriefDescription Of The Drawings 

Hguie 1 gtaphicaUy shows five possible muWpaths for cdJs evolving 
firom normal to cancerous. 

Hgure2 shows die pathologists- concept for die evolution of normal 
cdls to cancerous cells. 

10 ^»S^ 3 shows infrared spectra of cervical cells fi>r woman patients 

who have no disease of die cervix. 

Hgure 4 shows infrared spectra for a number of woman fliat have cervi- 
cal cells diagnosed as nonnal cells. 

Rgure SAshows arepresentation of a cytologic PAP smear of cervical 
15 that has been imerpreted as displaying normal epitfielialcel^ 

nonnal number of acute inflammatory cells. 

Figure 5B shows die infrared spectra of fce cells in the cytologic smear 

in Hgure S A 

Figure 6A shows a cytologic smear of cervical cells that were inter- 
20 Prcted as being nonnal and showing a nonnal number of active inflammatory celL 

Figure fiB^hows die infrared spectnun of die cytologic smear of cervi- 
cal cells shown in Figure 6A 

Rgure 7 shows die infrared spectra of cervical cells conesponding to 
nonnal cells (dashed line) and ceUs witti CIN I (solid line). 

25 SAshows a cervical biopsy of die exo-cervtx which was inter- 

preted as showing mild dysplasia (grade I or CIN I). 

Figure 8B shows die infrared spectra of cervical cells coUected from a 
patient before die biopsy in Figure 8A was obtained. 

Figure 9 shows several infrared spectra from patients wiUi dysplasia of 

20 tlie cervix. 

Figure 10 shows infrared spectra from patients witii histopadiological 
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diagnoses of dysplasia made based on cervical biopsies. 

* Figure 11 shows the infrared spectra of samples from patients with dys- 
plasia in biopsies of the cervix and evidence of the infection with human papilloma 
virus rHP>r). 

Figure 12 shows the infraied spectrum of cervical cells with histologi- 
cal evidence of HPV infection (solid line), in the spectral region of 750-1000 cm'^ 

Figure 13 shows schematically the flow of information for on line anal- 
ysis of spectral d^ 
Description Of The Invention 

The present invention is a machine-based system and method for 
determining whether tissues or cells are diseased and grading the level of diseased cells. 
According to the present invention, vibrational spectroscopy is used to detect disease in 
cells at a significantly high level of discrimination. This discrimination level is much 
higher than is able to be obtained using any of the various microscopic methods. The 
present invention may be associated with the vibrational spectroscopy data collection 

systems and methods described in co-pending application Serial No. titled 

Biological Cell Sample Holding for Use in Infrared and/or Raman Spectroscopy 
Analysis, and filed June 7, 1995. 

Data Collection and Detection. 

In the context of spectroscopy, vibrational spectra of molecules, e.g., the 
absorption of light in the infrared spectrum light energies or Raman scattering of light 
at various frequencies, provide a method for examining the chemical and physical 
structures of molecules including the complex molecules in living cells, such as lipids, 
complex sugars, proteins, and nucleic acids which account for the biological behavior 
and characteristics of cells. Vibrational spectroscopy can be used on complex systems, 
such as intact cells and tissues, and the spectra that is generated provide useful 
information about the normalcy of the cells and tissues examined so that a reasonable 
standard may be determined. Vibrational spectroscopy applied to intact cells may be 
used to distinguish between normal cells and cells with the pathological features of 
disease such as cancen For example, infrared spectra may be used to distinguish benign 
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breast tumor cells from normal ceUs and infrared spectroscopy may be used to detect 
aberrant proteins in ceU. Raman spectroscopy may be used to detect flie accumulation 
of lipid in atherosclerotic disease of blood veissds. The depletion of glycogen in 

response to hormonal imbalance may be detected by mfrared spectroscopy, as may be 
5 differences in an organoforigmof normal tissues. Additionally, flie presence of foreign 
molecules in cells and the efiEects of these molecules on selected regions of cells may be 
detected widi infrared spectroscopy. The damaging effects of ionizmg radiation, 
different functional states of muscle, and age and Ught-induced damage to the eye also 
may be detected with various modes of vibrational spectrosropy. 

There has been some work m the past with regard to the use of infrared 
spectroscopy to detect cancer of the cervix just as it has been used to delect different 
cancers m otiier tissues exammed to date via infrared spectroscopy. Infrared 
spectroscopy also has been found to be useful in detecting cancer in other epitiieUal 
cdk, such as skin. hmg. breast, and colon. U.S. Patent Nos. 5.038.039 and 5.168,162 to 
15 Wongetal.showiheuseofinfraredspectroscopytodetBctchangesincervicalcellsthat 
arc dysplasticl These patents, however, do not address or recognize diat the different 

stages of dysplasia can be discriminated from each other by infrared examination of 
cervical cells and/or tissues. 

As iUustrated in Tables 1 to 3. there has been considerable wo± directed 
20 to obtaining information based with the microscopic examination of tissue. There has 
not been, however, any leaching or consideration for obtaining the same type of 
• information in a way that aUows for standardization even taking into account the 
various modalities of vibrational spectroscopy. TTie present invention uniquely uses 
infrared spectroscopy and also other modes of vibrational spectroscopy to provide a 
25 level of information about disease that is not accessible by other known methods and a 
level of information about disease that goes beyond what can be provided by current 
pathological interpretations of tissue. 

Referring to Figure 3 , several infrared spectra of cervical cells are shown 
for women patients who have no disease of die cervix. The index cases Cowest tiiree 
spectra for example) are from women patients whose colposcopic examinations of tfie 
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cervix were nonnal and who had biopsies of the exo- and endocervix that also were 
normal* The cervical cells obtained from these women, by the standard method of the 
PAP smear from scmping cells from the endo- and exocervix, wm normal and the 
infrared spectra of tfiese cells also showed them to be normal 
5 Ttaedetailsof the infrared spectra of the index cases are used to 

detennine if a given specimen of cells has infraied properties cone^onding to normal 
cells or cells with evidence of disease. This spectra relates to cdls from women whose 
standard cytology of the cervical cells was int^teted to be normal and the spectra 
matched the details of the spectra for the index cases. 

10 Following the present invention, what is shown in Figure 3 are spectra 

that are essentially identical to each other. Thus, for normal cells, the frequencies, 
bandwidths, and intensities of vibrations fall within a narrow range for all women with 
nomial cells. This should be known because, as will be shown, there is considerable 
patient to patient variation in the spectra of diseased cells when such patients are 

15 affected by the same disease. Ihcf histopathplogical record of a patient will show that 
even slight variation of a patients condition from another patient may be recognized 
because of the discrimination that is possible using the ptesent invention. 

Referring to Figure 4, infraied spectra from women widi cervical cells 
diagnosed as normal by cytological examination of cervical cells is shown. A 

20 comparison of the spectra in Figure 4 with any spectra in Figme 3 will show that the 
spectra in Figure 4 diverge from the constancy of features among the infrared spectra in 
Figure 3. The spectra in Figure 4 are not characteristic of cervical cells with dysplasia, 
as detected by histopathoiogical examination of cervical biopsies. Rather, the spectra in 
Figure 4 diverge from the normal in Figure 3 in the same qualitative way as spectra of 

25 mildly dysplastic cells. As such, the infrared spectra in Figure 4 are for cells that are 
beginning to accumulate errors in their DNA but do not as of yet display morphologic 
evidence of dysplasia. This provides an example of the discrimination possible using 
the present invention, in which infrared spectroscopy is able to be used to detect 
differences in cells that are undetectable by any other means and method. 

30 The present invention has applicability for detecting difference in other 
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than cervical cells. Fbr example, the present invention may use its method of infiaied 
spectroscopytodetectthepresenceofabnoimafitiesincellstl^a«te^^^ 
detection by microscopic examination of cells and/or tissues. Referring to Figures 5 to 

7, flie presence of diose abnormaKties in cells will be expUrined 

Rgure 5Ashows acytologic PAP smear of cervical cells that has been 
interpreted as displaying normal epiUielial cells but a larger tium normal number of 

acute inflammatory cells. The large cells in Rgures 5A are tiie epithelial 
corresponding infraed spectrum, intiierangeof frequencies displayed in Figures 3 and 
4. is displayed in Figure 5B. Tlje spectrum in 5B is different from that for normal 
cervical epithelial cells. TTus is confimied by comparing the spectra in Figure 3 with 
that in Figure 5B. 

Figure 6A shows a cytologic smear of another specimen of cervical 
cells-Theepidwlialcellsinthissmearwereinteipretedto be normal, but thesam^^^ 
diagnosed to contamanabnormaUylargenuraber of acuteinflammatory cells, th^ 
cells in the figure. The infrared spectrum of Uie epithelial cells in Figure 6A is shown 

in Figure 6B.Bycompaiison with the spectrainFigure4.theepitiieUalceIls in Fig^ 
5B and 6B are not normal. 

Viewing the smears and spectra in Figures 5A and 6A demonstrates the 
advantages of infrared spectroscopy versus histopathological methods of detecting 
disease in cells. First, the infrared spectroscopic method detects disease tiiat is 
undetectable by a microscopic study of cells. TTiis is readUy seen in tiiat die epithelial 
cells in Figures 5 A and 6A appear normal under tiie microscope but infrared 
spectroscopy of these cells in Figures 5B and 6B shows die presence of disease, as 
reflected by tiie abnormal vibrational bands for the molecules wiOiin die cells. 

nie spectra in Figures 5B and 6B cannot be generated by summation of 
spectrafornormalepitheUalcells plus die spectrafor other types of cells because of the 

disappearance of prominentvibrational bands due to normal epitiielial cells. TheiBfoie. 
the spectra in Figures 5B and 6B reflect changes in the vibrational bands of ti« 
epidielial cells. 

TTie present invention wiU now be used to show tiiat infrared 
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spectroscopy mU detect a weU*characterized disease in cells th 
level of detection by micioscopic examination of cells. 

A cytologic smear of cemcal cells is interpieted as showing dysplasia 
of any grade, e.g., gnule I or CIN I when at least one cell on the entire smear has the 
5 characteristics of dysplasia. Typically, smears diagnosed as dysplasia have between one 
and five to ten dysplasdc-appearing cells, on the basis of microscopic examination, in 
a population of thousands of normal*appearing cells. 

An in&ared spectrum of a sample of cells with dysplasia is shown in 
Figure 7, in the solid line. The dashed line is the spectrum of nonnal cells shown for 

10 r^erence. Diagnosis for both samples of cells were confirmed by co^oscopy and 
biopsy of cervical tissues. Comparison of the dysplastic and normal spectra in E^gure 7 
shows that die spectrum of the dysplastic specimen cannot be reconstructed from the 
spectrum of the normal cells plus any other type of spectrum and therefore that nearly 
all the cells, not a minority of the cells, display infrared characteristics of dysplasia. 

IS That is, when dysplasia is present in a smear of cervical cells, the infirared spectrum of 
the cells shows that, in contrast with the microscopic method in the presence of 
dysplasia, the infirared method detects that essentiaUy all die cells in a sample are 
dysplastic and diat there are few if any normal cells present, using die criteria of 
normality by infrared examination of the cells. Contrary to the results of cytology and 

20 current beliefs for grading the extent to which cells have evolved from nonnal to 
dysplasia to cancer, the present invention and its use of infrared spectroscopy shows 
that nearly all the cells in the sample examined are dysplastic to some degree. This 
follows from reconstruction of spectra based on mixing the spectral features of normal 
and dysplastic cells. The abnormal spectrum in Figure 7 can be reconstructed only in 

25 the case that the sample contains a very small proportion of normal cells. 

The infrared spectroscopic examination and analysis of cells detects a 
level of precancer in cells that is usually undetectable by microscopic examination of 
such cells. As indicated, standard pathological methods determine that only a small 
minority of cells are affected witii dysplasia in smears, while the infrared spectroscopic 

30 method of the present invention detects that essentially all the cells are affected with 
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dyqjlasia in one way or another. 

^*°°8'»'^'^'^M-taownim)blenisinthei««,uisiti^^ 
forPAP smears and large variations in tteskmteveU of the<^ 
invention demonstrates that heretofore there were inherent limitations in the 
fimdamentaltechniqueofdetectingdysplasiaon^ 
ofcells. Theselimitations.however.a«oveicomebycoUectingin^^^^^^ 
cells Via vibrational spectroscopy. Tliat is. extensive cfe^^^ 

physical attribntes at the molecular levd in «^ may not appear as changes in t^^ 
moiphologyof fl.ecells.butftesechangesan.detected by vibrational spectroscopic 
examinationof the cells. H^showing that infrared spectroscopy of cervical cells 
detects dysplastic. precancerous disea« in cells that appear normal morphologically 

explainswhycerWcalcancerappears to develop rapidlyinsome patients m^^^ 
evolution through the stages of dysplasia. It also accomits for why as many as 1/3 of 

patients withinvasivecancer of the cervix havehadanormalPAPsmearwithm 

oneyearofdiagnosisofcancer.andwhythePAPsmearsdonotdeteaaUpatients^^ 
cervical dysplasia^ 

Hie discrepancy between the detection of disease by cytology versus 
Mbratiomd specm»copy extends to a comparison of microscopic examination of 
bmpsies versus examination of cervical cells by inftared spectroscopy. Hgure 8A 
shows a cervical biopsy of the exocervix. H.e biopsy was interpreted as showing foci 
of mild dysplasia (grade I or QN 1). Ue abnomial cells are indicated witiun the box 
With regard to the interpretation of Ae biopsy, fte distribution between nomaal and 
duieased cells in the biopsy in Figure 8A shows primarily nomial cells and 
histopathological criteria, and the degree of abnormaUty of the diseased cells was 
interpreted as mUd. or early in the progression of the cells from nomial to cancer. 

Figure 8B shows the inftared spectm of cervical cells coUected from die 
patient immediately before the biopsy was obtained. Hu, spectra does not reflect die 
presence of a mixuue of normal cells and diseased cells, except in the case that die 

percentageofnormalceUswasquitesmalLTOsspectrateaches. therefore, that nea^^ 
all die cells collected in the sample of cervical cells scraped from die patient 
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immediately prior to biopsy of the same cells, weie diseased. As will be shown, the 
^ectral features in Figure 8B coirespond to ceUs with dysplasia (or piec^ 
advanced than mild or grade I (CIN I). The conclusion to be drawn firom these examples 
is die same as those from the example in Figures SA-?. Microscopy of tissue, as 
S compared with infrared spectroscopy, does not detect die true number of cells aff^ 
by dysplasia or the extent of progress of precancer to cancer. 

Referring to Figures 3 * 8B, Ifae following applies: (i) Cells can be 
nonnal histopadiologically but minimally deviated from nonnal, as reflected by die 
infrared spectra of cells in Figure 3 versus those in Hgure 4; (u) die pre^ 

10 tm increased sensitivity by the inclusion of die infrared spectral mediod for finding 
disease in cells which demonstrate the impredsion of die histopadiological methods; 
Gii) cells determined to be normal histopathologically can be affected with advanced 
precanc^ous disease as would be discovered by infrared spectral examination of the 
same cells; (iv) the discriminant capacity of infrared spectroscopy and other modes of 

IS vibrational spectroscopy is greater than cytologic or histopadiologic mediods for 

delecting disease in ceUs and tissues; (v) microscopic examination of ceUs is no longer 
a sufficient basis for correlating the clmical stage and course of disease with disease at 
die cellular level because infrared spectroscopy and other modes of vibrational ^ 
spectroscopy surpass microscopy in detecting disease in cells; and (vi) infrared 

20 ^ectroscopy will allow the clmician to detect disease in cells to follow the evolution of 
disease through the various levels of dyspla^ 
Detecting and Grading 

An experienced pathologist or cytologist should have little difficulty in 
the histopathologic diagnosis of cancer given sufficient information. The issue then 

25 becomes the problem of determining the stage of dysplasia or precancer. As already 
mentioned, the present invention through the use of infrared spectroscopy is able to 
track the evolution of cancer cells between normal and cancer cells at a higher level of 
detection flian afforded by morphological changes in cells, through changes in the 
relationships of different organelles in cells, changes in their relative sizes, and changes 

30 in their staining properties. 
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Prior to detecting and grading, the samples must be coUe^ 
coUection has taken place, then detection of ctysplasia is perfonned. ITie conventional 

method of doing this is by microscopicexamination of tfaecells.whichhastheprobte^ 
discussed above. If dysplasia is found, the diagnosis generaUy is that the cdl is 

precancerous. Howevtt, this is where the analysis generally ends. 

Referring to Figure 9. several spectra from patients vnth dysplastic 
disease of the cervix as determined by examination of biopsies of the endo- and 
exocervix are shown. Tliespectraihat are shown are samples of cervical cells obtai^^ 

bytheusualPAPsmeartBchniqueimmediatelypriortocervicalbiopsy.InFigure9,the 
top spectrum in the stacked plot is a mmnal spectrum and the remaining spectra are 

stacked with the least dysplastic tissue at the top and the most dysplastic at tiiebottom^ 
Tliis relationship of tiie curves shows tiie evolution of several spectral features as tiie 
degree of dysplasia increases. Itis this type of information tfiat microscopic 
examination fails to provide and does not permit it to truly grade dysplasia. 

More specifically in referring to Figure 9, the changes evolving across 

the spectra begin with decreasingintensity in thebandal025cm-^increasingin^^ 
in the bands at 1040 cm"* and 1050-1054 cm'^. These changes are not fomid in die 
normal spectra. The net result of these changes is fust to broaden flie bandwiddi of Uie 
first spectral band and to shift tiie center frequency of this bandtohigherfrequency.ln 
addition, fliere is ttie intensity increase m die band at 1078 cm-». These effects cause a 
change in which die spectnun of dysplastic samples have a picket fence appearance at 
die first two peaks. Witii furtiier evolution of tiie spectra, tiie band at 1078 cm-» shifts 
to a higher frequency and tius band becomes die most prominent peak in die spectrum 
25 between about 1000 cm'^ and 1100 cm"*. 

At higher degrees of dysplasia, the first band in die spectrum is broad 
and featureless; even the bands at about 1040 cm"' and 1054 cm'^ Tliese bands, 
however, grow in intensity as cells become dysplastic and become enveloped by tiie 
first featureless band. 

30 The spectral changes as cells evolve from normal tiirough tiie various 
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sXzges of dysplasia are not limited to the region between 1000 cm'^ and about 1 100 
cni"^ As is seen by viewing Figure 9, the shoulder at 1 103 cm'^ of the normal spectra 
disappears, and at 1 ISlcm'^ there is a broadening of the peak, decrease in intensity, and 
^ the center ftequency shifts to a higher value. Just above 1200 cm'^ the spectrum 
increases in intensity and the envelope of this band in the spectra from dysplastic cells 
changes in shape. This band also becomes more prominent than the band at about 1300 
cm'^ and shifts its center of gravity, ultimately, to a lower value. 

There is variability from spectrum to spectrum in the contributions of 

IQ different vibrations to the envelop of this band in differed patients. 1^ 

relative intensities of bands at about 1230, 1300 and 1400 cm~\ which change in a 
continuous way as dysplasia increases. The first two bands, which increase in intensity 
with the onset of dysplasia, arc of about equal intensity in low grades of dysplasia. This 
relationship changes as dy^lasia increases. Specifically, the intensity of the band at 

15 1230 cm"^ becomes greater than the intoisity of the band at about 1300 cm'^ Of these 
. changesi the shift in the peak of the band normjOly at 1235 cm"^ is the most variable of 
the changes associated with dysplasia and the least useful for determining the stage of 
evolution from normal to cancer cell. The significance of the variable change in the 

frequency of the peak of the vibration normally at 1235 cm* ^ will be discussed in detail 
subsequently. 

Rgure 10 shows spectra from patients in whom hisiopathological 
diagnoses of dysplasia were made on the basis of cervical biopsies. A comparison of 
Figures 9 and 10 show that there aie similarities between the spectra in the two Hgures, 
especially with regard to changes in spectral bands around 1000 cm"^ However, the 
spectra in Figure 10 has a different evolution pattern through stages of dysplasia. The 
main differences between the series of spectra in Figure 9 and Figure 10 include the 
following: (i) the appearance of a band at about 1000 cm'^ for the spectra in Figure 10; 
. (ii) a downward shift in the frequency of the band nonnally at 115 1 cra'^; (iii) the 
30 apparent "splitting" of this band into two bands as dysplasia increases so that there are 
recognizable independent maxima on the low and high frequency side of the normal 
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smglemaximnmatll5lcm^e.g..apeakataboutll35cm-»andano^^ 
cm-l orUgher; Cw) as compared with the spectmin Rgme 8. the envelope of the band 
uonnafly at 1233 cm-> an especiafly prominent maximum at an unusually small 
5 ''»^««'^'«rinKguxelO;(v)theielativetotensi^ 

13lOcm-». and WlO cm-i that are different from nonnal as weU as different from tf«' 
senesofspectrainHgure9.EveninUghtofthesedifferences.theserie^ 
Figure lOshowaprogression of changes consistent with theprogcessofadi^ 
differentia detail from the progressive changes in the spectra in the series in Kgure9 
10 ™^^'^o'^i^Pn>videdbecauseoftheuseofvibrationalspec^ 
the present invendoiL 

Referring to Figure 1 1 . spectra of samples from patients wifli dysplasia 
mtaopsiesofthecervixandeWdence.microscopicaUy.ofinfectionwim^ 
papiltomavin«areshown.Thespectrainthisseriesofdyspla^^^ 
15 ^'"'^""^''Pectraanddifferemfromtheseriesofspectrain 
mFigures9andlO.Tl.edistingmshingfeaturesof the^^ 

asfoUow5:(i)thesespectrahaveapeakat970cm-iandthispeakisnotintense^^ 
similar in intensity to the peak at about 965 cm'i in the dysplastic spectra in Figures 9 

^ '««*10=<»)*«PectrainFigurenhaveasignatureregionbetweenabout7«^ 

950cm-UwhichisshownindetailinFigurel2).11«bandat970cm-iandthesignatuie 
legion of the spectrum for dysplasia plus HPV. for the region below 950 cm'' are 

characteristic of cells infected with HPV: (iu) there are u^^^ 

the region of the spectra between above 1000 cm"* and 1100 cm'^ as compared to 

25 »»^^P**ologicalgn«iesofdyspiasia.Thelowest.racesinFigurellJorex^^^^ 
diagnosed as mUd dysplasia on biopsy of the cervix. Tl,e spectra show a complete 
disappearance of the normal band at 1025 cm-^. which occurs for the series of spectra 

mFigures9andlOonlyatmore advanced stages of dysplasia. It isimportant. however 
that the spectra in Figure 1 1 share important features with the series of dysplastic 

30 ^Pect^ainFigurel0.asforexample.abandataboutlOOOcm-^aspUttingofthenormal 
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peak at 1 151 oti"^ a idationship between the peaks at 1235 cm'^ 1310 cm and 1410 
cm*^ that is unlike the pattern in Figure 9, including the occurrence of the 1235 cm*^ 
peak at unusually low frequracies and with low intensity. 

Referiing to Hgnre 12 the spectrum in the soUd line is of d 
widi histological features of HPV infecdon. The spectrum in the alternating dots and 
dashes is of dysplasdc ceUs without histological evidence of HFV infection. The 
spectrum in die dashed line is of normal cells. 

The examples UQ Figures 8 - 12, show spectra that wm generated using 
infnired spectroscopy. The use of die in&aied mediod shows at 1^^ 
which dysplasia evolves. This is not meant to suggest that diese are the only patterns. 
In fact, there can be numerous patterns that lesult in the evolution of dysplasia as shown 
in Figure 1, The evolution of dysplasia shown in Figures 8-12 also is contrary to 
current thinking about the process of dysplasia being a linear change along a single path 
(Figure 2) In fact, what Figures 8-12 do show is the way infrared spectra of dysplasdc 
cells change and the way the process of dysplasia moves along several different 
pathways (Figure 1). The multiple paths in Figure.l are detectable as different patterns 
of dysplasia in cells via the q)plication of infrared spectroscopy to the diagnostic 
process but not by microscopic examination of cells. 

The infrared spectra in Figures 8 - 12, according to the present invention, 
show the ability to track the evolution of diseased cells through stages of dysplasia. This 
involves both large and minute changes which result in the number of stages of 
dysplasia that can be detected rather than the current classification of the tiuee CIN 
grades I, n, and IIL 

Another spectral example which summarizes the clinical utility of 
infrared spectroscopy as a detection tool in cervical cells is die following, which make 
reference to Table 4 below. 
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TBible4: 



BAIBNT# 


PAPSMEAR 


U&KVICAL 
BICT5Y 


SPECTRA 
ANALYSIS OF 
CELLS 




NEOAnVE 


CINII;HPV 


CINV.HPV 




NEOAnVE 


ONI 




PAITENTS 


NEOARVE 


CINI(MILD) 


ON XT-HI 


PAI1ENT4 


NEGATIVE 


ONI 


ONI 




NEOAnVE;7HPV 


ONI 


ONnHPV 


rAIiiiNTo 


NEGAUVE 


ONI 


ONI 


mEiENT7 


NEGATIVE 


ONI 


OND 


iVUlliNTB 


MILD AFYPIA RECOMMEND 
COLPOSCOPY 


NODYSPLA- 
SIA 


NEOAUVE 


PATIENT 9 


AnrpiA 


NJD. fPREG. 
NANT) 




PAnENT9A 


INFLAMATYPIA 


CINI 




PAnENTlO 


ASCIIS 


ATYPIANO 
DYSPLASIA 


POSSIBLE ON I-n 


PAnENTU 
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aNI;HPV 


CINI:HPV 


PAXIENT12 


ASCUS 


ONm 


ONn 


PAnENTn 


ASCUS; RULE OUT ON I 


ONI 


ONI 


PATENT 14 


ASCUS 


ciNi-n 


CIN:HPV 


PAOENTIS 


ASCUS 


ONI 


ONi-n 


tVUlbNT 16 


ASCUS 


NUCLEAR 
ATYPIA 


ONi-n 


PATENT 17 


ASCUS 


CINI;HPV 


ONn 


PAHENTIS 


ASCUS 


ONI 


ONn 


PAnENTl9 


ASCUS 


ONn 


ciNn 


P/OIENTIO 


ASCUS 


CINI:HPV 


ONI-E 


PAHENTZl 


ASCUS 


INFLAMA- 
TION 


ABNORMAL 


PAnENT22 


ciNi-n 


NODYSPLA- 
SL\ 


NO DYSPLASIA 
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CINI;HPV 


CINI; HP V 


PATENT 24 


aNI;7HPV 


CINI;HPV 


CINtHPV 
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Table4: 





PAP SMEAR 


CERVICAL 
BIOPSY 


SPECTOA 
ANALYSIS OF 
CELLS 


EA1IENT25 


NEGATIVE 


NEGAHVE 


NEGATIVE 


PAnENT26 


ONIiHPV 


CINI;7HPV 


CINII 



10 



15 



20 



25 



30 



Table 4 includes results for 27 women and that compares the diagnoses 
made by PAP smear, biopsy of the cervix, and infrared spectroscopy of cervical cells 
collected immediately before cervical biopsies were obtained. According to Table 4, 
there is a poor correlation between the cytological diagnosis and the biopsy diagnosis. 
Specifically, the cytological diagnosis and the biopsy diagnosis were in agreement in 
only 4 of 27 patients. This confirms the result shown in Table 1. The cytological 
diagnosis failed to detect significant dysplasia in 18 of 27 patients with dysplasia. Of 
these, 6 patients with biopsy-proven dysplasia were determined to be normal by 
cytological diagnosis. The cytological method misdiagnosed dysplasia in 3 of 4 patients 
with no significant cervical disease. 

In contrast, the infrared method applied to cervical cells detected all 
patients with dysplasia based on the histopathology of cervical biopsies. The infrared 
method detected normal cervical cells in all patients misdiagnosed as disease by 
cytology. The diagnoses based on infrared spectroscopy of cervical cells differed from 
the biopsy diagnosis in regard to the degree of dysplasia. In most instances, the infrared 
method diagnosed the dysplasia to be more severe than the histopathology grade of 
dysplasia. 

Table 4 demonstrates that infrared spectroscopy according to the present 
invention provides information regarding the condition of cells that heretofore was not 
available. This extends to both the detection and the grading of levels of dysplasia. 
Moreover, the infrared method can provide better more consistent results than 
histopathological examination of cervical biopsies for the purposes of detecting the 
presence or absence of significant cervical disease, e.g., dysplasia, and for grading the 
degree of any dysplasia found. As such, the infrared spectroscopy method provides 
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accmte Mormation with rcganl to cells as they are evolving torn nom^ 
cells by examination of these cdls alone, de.^^ 

statesthroughstagesofpiecanceroussuuesbydifferc^^ 
the pn«ence of human papiUoma vind infection of cells. q«^^ 
e«entofdysplasiaincells.andameanstoidentifypatientswhoarepr^^ 
tDcancer.It also pn,videsameansfordetecting and quantitating^^^ 
piogiession of piecanceraus disease to cancer on the basis of s^ 
cervi<alcellsftomapatientviuchauowsforn«l-time.nick^^ 
thataUowsdinicaldecisionstobemadeonthebasisofquaatifx^^^ orlack 
theieof. in the extent and laie of progress of precancerous disease, and a means for 
detennining on a leal-time basis the efficacy of agents to inhibit and/or pievent the 
progressionofprecancetotusdiseaseorthatcausethesedisea^ ^ 
present invention provides a method for the immediate diagnosis of cervical disease at 
the pomt of caie. and an inexpensive method to examine cervical cells by infrared 
spectroscopy which wiU replace the expensive procedures of repeated culposcopy and 
cervical biopsy in thedefinitive diagnosis. ^^^^^^ 
htemrRtari on and Hiap -nncic 

IHe infrared spectrum of a sample of cells is collected and converted to 
adig,ti2edform.Thisprovidesanobjectivedataset.Theinfraredspectt^ 
• may be analyzed by the system of the present invention to provide a diagnosis The 
system has storage for storing the digitized form of the objective data set m storage 

also wiUincludeapatient-spieviousspectraso that the most recentsetof objective data 
can be compared with historical data. These comparisons wiU permit the system of the 
present invention to show the extend of changes of the disease in light of prior 

examinations. Becauseof the abUity to storeand^^all Of digiUzedsets of prior spectra. 

any of the prior datasets can be used asabasis for interpreting the significance of the 
most recem spectral examination of cervical cells. For example, the physician and 
paUem would benefit from knowing whether a state of dysplasia has been stable 
advanced, or regressed since the last examination. It also would be highly valuable to 
be able to measure the rate at which changes in the state of dysplasia have occurred 
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since the prior examinatioiL 

This comparison of the spectra dau wiU aUow rapid interpretation of the 
most cunrat data and diagnosis based on the level of dysplasia. Thus, a woman wh 
prior samples displayed non-normal spectra could keep a close eye on her condition. 

. 5 Moreover* the nature of the data sets obtained from spectral examination of cervical 
cells makes it possible to reinterpret old spectra whenever sa£Qcient new clinical 
information (e.g., correlations between spectral data and the clinical behavior of disease 
states reflected by changes in the vibrational spectra of cells and tissues 
clinically relevant information that can be extracted by madiine analysis of a data set 

10 Analvsis of Data Sets 

Once a vibrational spectrum of cells or tissue has been obtained 
according to the present invention, it may be processed for display on a CRT for 
inteipretation. The analysis is begun by applying a Fourier transformation to selected 
digitized data that have been stored. Preferably, a computer driven infrared 

IS spectrometer is used to process, store, and display the digitized data. 

The transfonned data sets are further processed and analyzed T^ 
analysis wiU include, but not be limited to, the definition of peaks, bandwidths, 
deconvolution of peaks, subtraction of one spectrum from another, comparison of one 
spectrum with another by overlaying two or more spectra so as to detemune the changes 

20 in patterns as dysplasia increases. This analysis will provide the information which 
permits diagnosis. 

More specifically, a number of different actions may be performed on 
the collected data sets. These actions can be categorized as analytical testing for 
establishing a diagnosis. This will include an expansion of spectra to emphasize 

25 established regions of highest sensitivity to the presence of disease while suppressing 
spectra regions containing no useful pathological information. 

The regions of interest with regard to cervical cells spans the range from 

750 cm*^ to 1800 cm'^ The spectra are normalized in this region for equal intensi^ of 

die carbonyl stretching vibration (1600-1700 cm"^). The absolute value of the intensity 

30 

of the infrared absorption in this region is used to measure the number of cells in a 
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sample and for quality control of the sample. 

to analydng the data sets, die expanded specta are ^proximated by a 
number of Gassing band envelopes. The Gaussian bands wiU be associated with peaks 

in the ^jectra. Since many vibrational transiticms occur at the same ftequenj^, a 
spectrum may be leproduced accurately by fitting 10-25 Gaussian bands to it The 
number of Gaussian envelopes depends on the trade off of accuracy and computational 
time. Appropriate comparisons are made of the Gaussian envelopes to determine stages 
of dy^lana. dasses of dyspia^ and odter information. 

As an example, in the range of 750-1800 cm-^ the absorption spectnim 
forasampleof cervical cellscan be decomposed into about 15 Gaussian envelopes that 
reproduce the observed spectra to within a few percent In this matter, a 1000 point 
spectrum is described by less than 50 parameters, namely intensities, frequencies, and 
bandwidths of each Gaussian envelope. However, a vibration of weak intensity may 
convey a high level of information about tiie presence or absence of disease and about 
the type of disease present in one or another spectrum. Theieforc. care is taken to insure 
that bands of weak intensity arc propedy weighted in tiie decomposition phase. 

The decomposed Gaussian bands are used to identify the frequencies of 
bands, Uie intensity of bands, tiie bandwidtiis, and tiie relationship between intensities 
of different bands in spectia associated witii normal cells and cells tbdt are diseased. 
Thus, the decomposed Gaussian bands ttiat describe tiie spectrum of a sample of cells 
when analyzed provide tiie disease information regarding tiie cells at issue in a sample. 

A second approach also is possible. According to diis approach of the 
present invention, tiie entire spectrum is tieated as a Unear combination of mutually 
Orthogonal functions tiiat bear no intiutive meaning. However, die regions of n- 
dimensional space defined by tiie multifunctional analysis of a spectrum mdicates tfie 
presence or absence of different types of disease reflected by tiie analysis of tiie 
spectrum of a given sample of cells. AdditionaUy. tiie specttum of tiie sample contains 
information indicative of tiie extent of tiie progression of a specific type of disease, as 
defined by ttie region of n-dimensional space occupied by tiie spectrum. This approach 
has inherent advantages because it tieats tiie entire spectrum m a manner which 
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produces a low error rate in the analysis and allows a classification and ordering of 
sample spectra with respect to each other. 

After the analysis, the iiext step is diagnosis. A comparison or otfa^ 
evaluation of the data sets will provide the pathologist with the location and types of 
5 difference in the frequency spectrum of the most current data set and a historical data 
set This analysis will show the degree of dysplasia changes and those noted changes 
will permit grade the level of dysplasia and as well as provide the diagnosis. The 
pathologist, based on whether the disease has regressed, remained about the same, or 
increased, wiU be able to recommend the proper type of treatment 

10 not only when in the later stages of the disease, but also at ttie very earliest stages of the 
disease, which was before the currmt m^ods w^ able to even detect dysplasia. 

The preferred embodiment of the system of ttie present invention uses 
infrared/vibrational spectra of human tissues and cells for the purpose of rendering 
medically useful diagnoses about the presence or abs^ce of disease and the grade level 

15 of disease. 

This prognunmed approach can be implemented in a computer with 
software. This will permit rapid analysis of the data sets for the purpose of determining 
the level of dysplasia. As such, once the spectra are collected, they can be analyzed on- 
line by the computer. The analysis can be accomplished by a computer in physical 
20 proximity to the optical instrumentation that obtains the data or by a computer at a 
remote location that is connected to the optical instrumentation. 

Construction of Data Bases 

The connection between clinical medicine and vibrational spectroscopy, 
for the purpose of rendering clinically usefiil diagnoses, is the correlation between the 

25 results of standard pathology (which already has proven correlations with clinical 
diseases) and clinical medicine, with properties of vibrational spectra. As vibrational 
spectroscopy methods are used in clinical practice, they will first be used to establish a 
data base that will include information about normal cells, dysplasia cells, and frank . 
cancer cells. A data base of this kind will permit the detection analysis, and diagnosis 

30 that is not capable of being performed with current systems and methods. The data base 
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20 



constructed by the system for the method of the present invention can be adjusted for 
each person even though the same disease vdU diffw some what for each of these 
peopte.Abasisforcoiielating disease and nonnafitywithagiven set or sets of spectnil 
data may be examinations of specimens of the endocervical and exoceryical ti^ 
together withclinical exanunations. of patients and the clinical cou^ 

The vibrational method oftiiepresem invention detects disease at earlier 
stages than the cutient methods because this method detects abnormaUttes in the 
structures of individual molecules that precede development of morphological changes 
in tissues and cells. 



Inthecontextoftheevolutionofcanccr.tiiemostimportantinformation 
is the condition of dysplasia of a cdls of each patient a given pomt in time rather than 
thecompaiison of cells with a stored data base. This abroach permits the detection of 
diseases early in their development Hien. the disease's progression with time will 

provide insight into the significance of changes in the properties of the molecules of 
15 cdls in each individual patient 

Analvsis of a Vibratinna ^ Spectn^j ^i 

The purpose of analysis of the vibrational spectrum of a sample of cells 

ortissueis to makeadiagnosis as to the presence or absence of disease that is medically 
relevant and. if present, the grade level of the disease. Hiis will provide both the 
physician and patient with some assurance that either no disease is present or Uiat a 
diseases in present, the type, and extent of the presence of the disease. The diagnosis 
must fit with what is known about the genesis and morphology of different diseases, 
which is the basis for a physician's understanding of the disease and how to treat it This 
aspect of the present invention will be explained with respect to the diagnosis of 
25 diseases of the cervix. This is meant to be an example and it is understood that diis . 
approach would apply to any type of diseased cells. 

The classes of diseases of the cervix that are important clinically are 
precancer or dysplasia (or precancer), and cancer. Since infection with HPV is thought 
to underUe many cases of dysplasia, the diagnosis of HPV is clinicaUy relevant TTiese 
30 disease states must be discriminated from normal. Also, based on what is shown in 
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Hgures 3 to 6, there are changes in epithelial cells that represent the presence of disease 
that can be detected by vibrational spectroscopy but not by current methods. The system 
of the present invention first scre^ only the differences between normal and disease. 
This rnay be accomplished by comparing a new unknown spectrum with a spectnm 
5 from cells known to be notnial via a point-by-point subtraction of the normal spectrum 
from the unknown spectrum* If the resulting diffmnce spectnim is not a flat 1^ 
ttie unknown is a sample of diseased cells. Hie criterion that the difference spectrum 
must be a flat line can be adjusted to account for variabilis between spectra that are 
derived from normal cells, Le., cells not affected with the relevant diseases given above. 
10 TheprocessofthesystemofthepresentinventionisshowninFigurel3. 
Classification of Type qf Disease fKemt 

Analysis of human tissue in order to make a medically useful and correct 
diagnosis with the lowest possible chance for error differs from knowri methods of 
sunply identifying a chemical unknown. The genetic het^geneiQr of people plus the 

15 varied maxiifestations of <Usease can cause variations in tibe'^p^^ 

spectra in normal or diseased tissues fliat do not occur between molecules of a given 
chemicaL The nuinber of possible variations between tissue samples exceeds the 
number of chemical species that are significant The number of analyses to be done on 
unknown tissue samples far exceeds the number of samples that could be used to build 

20 a data base on which to base diagnosis on pattern recognition alone. 

Although there are spectral differences betwera different tissue that has 
the same type of cancer and normal samples of the same dssue» these differences are not 
significant enough to prevent the use of the overall spectral pattern for comparison 
which will permit an accurate diagnosis. This diagnosis is only for the purpose of 

25 determining the type of disease. This comparison can be simple pattern matching in 
which a variety of algorithms would give the closest match between the spectrum of an 
unknown sample and a stored set of spectra in a data base, in which the stored spectra 
are examples of spectra for different types of disease (of a given type of cell). This data 
base would also include various grades of disease for each disease type. 

30 This method of classification according to the present invention. 
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piovidestheclassificaaonofthetypeof<^ 

reduction of spedta by numerical anaysis to sets of quM 
withtoloanalevelspresetinthealgorit^ 

an unknown sample with similady derived numerical parameters for samples biown 
5 fiomclinicaliesearchtoiepiesentlhepiesencepfspecifet^ 

analysis and reduction for this purpose can be carried out on the priin^ 

or onsevetal possible difference spectra between the unknownsample and sto^ 
spectni Imown to represent weU-deflned disease states. The reliabili^ 
classification method nmy be enhanced by setting parameters for diagnosis ^^^^ 
10 on absolute levels of matching between an miknown and a stored spectrum. Analyses 
IhatfMl out-side predetermined limits are rejMted as indete 

As an alternative, an accurate diagnosis wiU obtain by entering into 
niemoiy a large number of grades of precancerous disease so that a best match wUl be 
wifliin the conect category of diagnosis. This requires that sufficient spectra data be 
15 entered into memory to cr««B a continuum of grades of precancerous disease between 
normal and frank cancer. When the comparison is done, the proper classification will 

obtain. When this metiiod of diagnosis is used, it creates a basis for a continuum in 
gradmg of precancerous disease by taking advantage of the quantitative nature of the 
fundamental data on which evaluation of cells and tissues is based. In carrying outtiiis 
20 meUiod, no attempt is made to match spectra by pattern, ratiier, a numerical value is 

assigned by the analytical system to each sample examined so that the degree of 
precancerous disease is associated with a physical quantity derived from the spectrum 
of a sample of cells. The quantity represents tb& deviation of a spectrum in appropriate 
regions widi regard to the spectral parameters such as peaks for given vibrations, peak 

25 heights, ratios of peak heights, and bandwidtiis of peaks, and/or die sum of deviations 
from a line in a difference spectrum of the unknown and "normal" in tiie data base that 
arc characteristic of cells witii precancerous disease. This analysis is only for spectra 
deemed to be examples of precancerous disease. The numerical values for tiie grade of 
precancer can be made to correspond to linear changes in a given pattern of evoUition 

30 of dysplasia (Figures 6-8. for example), with mcreasing degrees of precancer. 
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For the purpose of clinical guidance to physicians, a DYSPLASIA 
INDEX for a given sample of tissue may be derived in a way that superimposes the 
DYSPLASIA INDEX on cunratly used stages of dysplasia identified by 
histopathology, as ifor example the commonly used standards of low grade (CIN 1), 

5 moderate grade (CIN 2), and high grade (ON 3} dysplastic disease (Figure 2). These 
classifications will give the physician the type of information that he or she will use to 
seeing so he or she can make immediate therapeutic dedsions in the event that an 
advanced stage of precancerous disease or dysplasia already is present at 
examination of a patient and until physicians become accustomed to using the full 

10 capacity of the system and medipd of the present invration. 

A printout of results of the diagnostic amdysis may be provided as a 
grsqphic representation of the stage of dysplasia by DYSPLASIA INDEX in relation to 
commonly used criteria for dysplasia (Hgures 13 and 14). In the event that the patient 
has had previous examinations of cells and tissues by vibrational spectroscopy, the 

15 historical data base will permit a comparison of all previous data base files with the 
current file in orderto determine via the DYSPI^IAINDEX an objective measu^ 
progression or regression of disease. The printout may include a graphical 
representation of the patient's current status with regard to dysplasia and a separate 
graphical representation of the time-dq)endent changes in dysplasia present in samples 

20 previously collected and the current sample. This graphical representation is prepared 
on-line via access to all prior examinations that are contained in a patient's personal 
records device card. 

It is possible via the system of the present invention to identify patients 
in whom there is rapid progression of the dysplastic disease. This is an especially 

25 unpoitant group of patients to identify because they have the highest risk of progressing 
from a dysplastic disease to frank cancer over relatively brief periods of time. 
Therapeutic decisions have to be made early with respect to such patients, as compared 
with patients in whom progression is slow. As such, the present invention provides a 
basis for therapeutic decisions that maximize the benefits to all patients while reducing 

30 the total amount of invasive treatment required. Time-dependent changes in the 
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DYSPIJVSIAINDEX.andthetime-derivatiyeoftheindex,al^ 

iesponsestDctemopieventivethenq,yitotddayspiog«ssiontoc^^ 

paliMts in whom nmd degrees of dysplaskaremtic andnotthre^ 

Fh)m the foregoing, itisclear that thesystem of the presentinventio^^ 
converts asubjectivepiocess of evaluating pathology to a reprodadble. quantitative 

nKthod that has precise clinical meaning to the physician. The present m^^^^ 
pn,videsquantitativedataforthedinician.whotheninierpretstheme 
and who can use this quantitative data to judge the progress of disease, the regression 
of disease, and the response of disease to therapy. In addition to providing a new basis 
for determining accurately when patients have precancerous disease, the present 
invention provides a powerful clinical tool for determining how to treat and when to 
treat patients with precancerous disease as well as completely new ways for assessing 
the value of experimental treatments. 

Storage of Informatio n 

Archival storage of vibrational spectra is accomplished by storing the 
piimaiydaiabasefileidthecomputer. Hus data base fde also can be stored on a 

portable memory device. suchasaPCMOAcard (personal records devicecard). which 
will permit the patient to take his or her record with them. n,e perianal records device 
card contains aU spectra related to a given patient 

THe personal records device card witii encoded spectral data allows 
comparisons of prior and tiie most current examinations of tissue to be made 
immediately by the last examining facUity wheUier or not tiie patient attends the 

physician'sofr.ce.thesamehospital.orthesamepathologylaboratory.Sincethepati. 
is tiie holder of such records, tiie portable device card will represent aU past records at 
25 die site of the current examination. 

This also can be accomplished by the data file being able to be 
transmitted to the examining facility by modem. The encoding of spectra on the 
portable storage machine, togeflier widi tiie basic instrumentation for collecting 
vibrational spectra and the computer and associated algoritimis for analyzing spectra, 
afford tiie examining physician the benefit of immediate comparison of cuirentand 
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piior examinations. In the case that diagnostic services are provided at the point of care, 
the patients need only bring dieir personal record device card to the physician's office 
at the time of examination in order to benefit from immediate review of all past 
laminations. In the case that samples are sent to a pathology laboratory sq)arate from 
S die point of clinical caie, Ae patient* s personal tecords device card is sent by the 
examining physician with the samples to die laboratory. The latest data file is added to 
the personal records device card by the examining laboratory (or die point of care 
laboratory) and returned to the patient 

As is clear, each patient will possess the data that impacts on his or her 

10 own diseases and can present this data anywhere in die world. This aspect of the present 
invention eliminates the need to send for old pathological slides with the attendant loss 
of time and added exp^ise in the course of the diagnostic process that leads to decisions 
about treatment Moreover, givea the variability in inter- and intra-observer 
interpretation of a given slide of tissue, the digitized data base (the vibrational spectrum 

15 of the patient's tissues) together with a uniiform mediod for comparing spectra with each 
other, provide a basis for deterniiiiing the progression or regression of disease in cells 
that is cunentiy unavailable by any other means. 

A benefit provided by the present invention is that all prior data files can 
be reexamined simply when new or revised methods are provided for analyzing a 

20 vibrational spectrum. For this purpose, die patient's data records contain, in addition to 
the spectral data, the dates of examination, codes that indicate the tissue examined, and 
the latest method used to analyze the spectra. The patient's personal records device card 
abo contains identifiers for patient demographics, insurance, and any other pertinent 
information. 

25 When a patient's personal records card indicates prior examinations and 

is presented at a point of care diagnostic site or is sent with samples to an off-site 
padiology laboratory, or other off-site diagnostic facility, the stored records are cross- 
referenced to the newly acquired data so that the current sample and die prior spectral 
data are down-loaded to the computer on-line with the spectrometer. The cross- 

30 referencing between a new sample and old data files permits the computer to analyze 
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new dataandcompareit With Old files. Thissignalmaytese^^ 
code leadertothe spectiometer that reads thea^^^^ 

code affi«d to the sampte holder (with the ndemt patieat^^^^^ 
onset of data collection. All analyses of old data in relation to the newest examination 
aie conducted automatically and on-line. A printout of the latest results in the context 
of older examinations isprovidedautomaticaUybythesystem of the pre^^^^ 
The storage of ffles on a personal recordj^ device card msures that all spectra are 
analyzed and compared according to the same method. 

Ewmination of Celk and Ticc.^^ im„^ Tnfc,.^^ ^^t^^.^^y 
Vibrational spectroscopy can be carried out on tissues and cells with a 
ininimumofpreparationofthetissuesorceIls.Infact.cellsandtu^^ 
intheirnaturalstate.thatiswithnopieparationofthecellspriortopkcm^ 
Ught-beam for infctted spectroscopic examination. Fmtion also may be us^^ 

includeschemicalfixationoftissuesandcells.Thechoiceofthemed,odd 
15 dinician's particular needs and requirements. 

The absence of a need to prepare samples with the expertise of highly 
trained persomiel or via complex instruments means that the method of vibrational 
spectroscopy, in addition to coUecting an objective set of data about the characteristics 
of molecules in tissues and cells, can be appUed rapidly and in ti« cliiucal setting or at 
20 any point of care. 

Fixing cells and tissues by any means changes the spectral properties of 

tissues and cells. Although Uie effects of fixation on the vibrational spectra of the 
components of cells and tissues must be taken into account, such fixation imposes no 
inherent limitations on Uie vibrational method for collecting objective data for 

25 detemuningwhetiiertissuesorcellsaienormalorarediseasedbecausetheeffectsof 
fixation are controUed by comparing unknown samples witii known samples of normal 
and diseased tissues and cells Uiat were treated exactly as tt« unknown samples. 

Becauseof problems in controllmg the spontaneous rate of deterioration 
of molecules in untreated tissues or cells in their natural states, the preferred 

embodimemoftiieinvention described hereis to exarainefixed samples oftissues when 
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there is any chance of delay between obtaining the tissues and collecting the vibrational 
spectrum of the tissue. These delays could occur during point of care exanunations or 
during transport of siamples from sites of collection to sites of analysis. Therefore, in the 
preferred embodiment of tfie invention, tissues and cells are fixed at the site of 
5 collection. 

When tissues, not cells, are used as samples, the material for 
examination may be taken from a larger piece of tissue by scraping with a sharp blade 
or it inay be pr^ared by inicrotome sectioning of frozen tissues. The latter method 
requires specialized equipment that usuaUy is not at the pomt of care. 

10 Adpqp^pyOfCpPs 

The number of cells examined has an impact on the reliability of a 

normal diagnosis. The data base file, eg., the data rqiresentation of the spectrum, 

contain absolute values for absorption of infrared light at all the frequencies sampled. 

The absolute value of absorption at any frequency will be correlated tiuough 
IS standardized spectra in a data base with the numb^ of cells exainiiie(L From ^ 

concelation the number of cells examined will be determined for each unknown 

spectrum. 

According to the present invention, all diagnoses will contain a 
statement as to die number of cells on which diagnosis is based. Because of differences 
20 in the chemical and physical structures of molecules in normal and diseased cells, the 
. standards used for measuring and quantitating the number of cells examined will be 
coupled to the determination of normal cells or cells with disease. The parameters on 
which the system of the present invention makes decisions depend on the construction 
of suitable data bases of information and that these data bases will be different for 
25 different types of tissues. 

Control Of The Sample And Analysis 
Other than the number of cells examined, a sample could be 
contaminated.with excess fixative or water, or with dirt that obscure features of the 
specuum important for making a diagnosis. Samples that are inadequate for these sorts 
30 of reasons will be reported as inadequate for rendering a diagnosis because of artifacts 
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secondary to preparing the samples. Once U is detennined that a sample is fiee ftom 
artifacts induced by preparation, the task for analysis is classification of the type of 
disease. 

Ihe system of the pnMaat invention performs an analysis of samples 
tissues and cells in about 90 seconds. This time includes data coUection in which there 
is co-adding of intoferograms collected from the tissue by Fourier-transform 
vibrational spectroscopy and data analysis, which takes only a few seconds. 

Mrared spectra of human and animal tijasues can be obtained by placing 
tissue (removedftom apatient or an animal) on a crystal designed for attenuated total 
reflectance spectroscopy. The technology of attenuated total reflectance spectroscopy 
just referred can be used to collect vibrational spectra from tissues in a patient by 
inserting thecrystal. through which infhuedUght is passed, i^^^ 

impmgiiig the crystel on the surface of the organ. What is collected is the infrared 
spectra of the top layer of cells in contact with the surface of reflective crystal of die 
piDbe. Infrared spectra also can be collected from tissues in the Uving patients through 
the use of probes for reflectance spectroscopy. 

The preferred method for examining tissues direcUy in patients, without 
removing portions of tissue or cells, is via attenuated total reflectance infrared 
spectroscopy. This may be accomplished by inserting a suitable probe into a region of 
the body of a Kving patient during surgery to identify, in intact organs, the borders of 

cancerous tissues andnormal tissues. Relevantclimcal data can be collected in the same 
way during laparoscopic surgery, during endoscopy of the lower or upper intestinal 
tract, and during probing of Uie uterine cavity, cystoscopy, bronchoscopy, colposcopy, 
artiiroscopy. hysteroscopy, or image-guided insertion (CTscan or sonographic 
imaging) into a lesion embedded in a solid organ, such as the Uver. the breast, a lymph 
node, or any lesion that can be identified by palpation or imaging. The technique also 
can be used to collect data on the presence of disease m a patient wiUiout removing 
tissue, and as a basis for determining what portions of tissue should be biopsied for 
routine pathological examination. 

The vibrational spectia of the molecular components in ceUs can be 
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obtained by infrared spectroscopy, either in the mid-infrared region or the.near-infrared 
region of light frequencies. Alternatively, the vibrational spectra of cells can be 
obtained by Raman spectroscopy, using as the incident beam light in the visible, the 
ultraviolet, or the infrared regions of frequencies. The technique of resonance Raman 

5 spectroscopy also can be used for collecting the vibrational spectra of selected types of 
molecules in cells by proper selection of the wavelength of the incident beam of light 
Only a few interferograms will be collected at each site according to the 
pref^red embodimwit of the present invention. As well, there will be a contmuous 
display on a CRT to guide the clinician for real-time diagnosis of the tissue: is the tissue. 

10 To provide this information in real-time, the relevant spectrum for normal tissue 
(relevant to the tissue being examined) will be subtracted from the spectrum for the 
region of tissue sampled. In die case that the tissue sampled is normal, the resulting 
difference spectrum will be a flat line. The physician can then move the probe to another 
region of the tissue. In Ae case of disease, a difference spectrum different from a 

IS straight line will iqipear almost instantly on the screen, indicating the presence of 

disease. The area can then be probed over a longer period of time to collect spectra wifli 
a high signal-to-noise ratio, which maximizes the power of analysis of the spectrum. 
Spectra from diseased areas will be stored and analyzed continuously as new regions of 
an organ are sampled by the probe. 

20 Relevant spectra acquired in the above maimer will be stored as archival 

material by the examining facility and on personal records device cards. These will be 
given to the patient to be used later for comparison with samples probed at later dates 
of examination if these are reqmred. 

riinical Research World Wide 

25 The present invention will allow easy study of tiie medical significance 

of indeterminate samples (spectra) and for essentially instantaneous, world-wide 
collection of such spectra, which can then be used as a basis for correlating a patients 
clmical state regardless of the disease. In this way, the clinical relevance of tiie 
parameters that constitute the data base can be continually upgraded, 

30 For example, all indeterminate spectra can be forwarded on-line by 
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modem to a central research fedliiy for the diagnostic system tfaatmay be accessed by 
a pathotogisis. The data base file of the indetenninate spednim carries this identifying 
code andean be analyzed to detennine whether it corresponds to spectra coltecled 
elsewhere, whichalsoweieindetenninate.Coirehtionofclinicalandpaihologi^ 
5 includingthenatuialhistotyofdiseaseinpatientswithindetenninatespTC 

to inserting new limits for certain diagnoses and/or the recognition of new diagnostic 
entities that have clinical significance. Therefore, the present invention is a powerful 
tool for conducting clinical research world-wide and for rapidly assembling into a 
single data base the world-wide experience in examination of huinan tissues and cells. 

iO T^tenns and expresMons which are used herein arc used as terms of 

expression and not of limitation. There is no intention in the use of such terms and 
expressions of excluding the equivalents of the featnies shown and described, or 
portions thereof, it being recognized that various modifications are possible in the scope 
of the present invention. 
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Claims: 

LA method for detecting and diagnosing disease in cells, comprising the steps 

of. 

obtaining and storing in storage means fiistspectra in a predetermined fre- 
quency range for at least one cell that has been deteroiined to be &ee of dysplasia; 

coUecting and distributing cells in a predeterinined nianner on a piedeteinm 
surface with cell collecting means; 

generating second spectra with for at least one cell disposed on the predeter- 
mined surface with a spectrometer means; 

comparing the first and second specUa for variations in frequency bands for 
indicating dysplasia; 

diagnosing a level of dysplasia based on a number and magnitude of variations 
of the first and second spectra. 

2. The method as recited in claim 1, wherein the collecting and distributing step 
includes collecting and distributing cells on a window of a sample holder. 

3. The method as recited in claim 2, wherein the window and sample holder are 
transparent to infrared and Raman energies. 

4. The method as recited in claim 1, wherein the generating step includes gen- 
erating spectra based on vibrational spectroscopy. 

5. The method as recited in claim 4, wherein the spectroscopy includes infrared 
spectroscopy. 



25 



30 



W09d/4il52 



PCT/US96/09139 



1/12 




FIG,1 



HORHAL 
CELL 



CIHI 



j— » CIHII [ -» | CIHIII [ — » 



CAHCER 
CELL 



ACCUHULATINC DAMACETOONA 



FIG. 2 



SUBSTITUTE SHEET (RULE 26) 



wo 96/41152 



2/lZ 



PCT/US96/09139 




SUBSTITUTE SHEET (RULE 26) 



W0 9«/41152 



3/12 



PCT/US96Ai9139 




-T 1 1 1 1 1 1 1 p- 

SOO 1100 1300 1500 1700 

WAVEHOMBER ll/cm) 



FIG. 4 



SUBSTITUTE SHEET (RULE 26) 



W0 9(/4U52 



PCT/US9e/09139 



4/12 




300 1100 mo 1500 1700 

WAmilHBER (l/cm) 



FIG. 5B 

SUBSTITUTE SHEET (RULE 26) 



W0 9d/41152 



PCT/US96A)9139 



5/12 




FIG. 6 A 




300 1100 1300 1500 1700 

VAVEHOHBER (I/cm) 



FIG. 6B 

SUBSTITUTE SHEET (RULE 26) 



wo 96/41152 



FCT/US9ti/09139 



6/12 




900 



1100 



1300 

WAVEHUHBER (I/cm) 



FIG. 7 




FIG. 8A 

SUBSTITUTE SHEET (RULE 26) 



W094S/4li52 



PCrAJS96/09139 




SOO 1100 1300 1500 1700 

VAVEHUHBER (I /cm J 



FIG. 8B 



SUBSTITUTE SHEET (RULE 26) 



W09(i/41152 PCT/US96/09139 



e/12 




n . r— 1 

WOO 1200 

mEnOHBER (I/cm) 



FIG. 9 



SUBSTITUTE SHEET (RULE 26) 



wo 96/41152 



PCT/US96/09139 



9/12 




— I 1 ^ 

1000 1200 

VAYENUHBER (I/cm) 



FIG. 10 



SUBSTITUTE SHEET (RULE 26) 



W09C/41152 



PCT/US9«/09139 



10/12 




1000 1200 



mmuBER a /cm) 

FIG, 11 



SUBSTITUTE SHEET (RULE 26) 



wo 96/41152 



PCTAJS96/09139 



11/12 



I 
I 
I 
I 




rSO 820 880 940 

WAYENUMBER (I/cm) 

FIG. 12 



SUBSTITUTE SHEET (RULE 26) 



W09fi/41152 



PCT/US9fiA)9139 . 



OUTLET OF CELLS 



SAMPLEHOLDER 




P 




SPECTROPHOTOMETER FOR 
HEASUREHEHT OF TURBIDITY 
OF OPTICAL DEHSITT OF 
COHPOHEHTS 




FEEDBACK 

COHTROL OF AMOUNT OF 
MATERIAL ADDED TO 
SAMPLE HOLDER \ 



ASPIRATIOH 
PUMP 

FOR SaSPEHSm 
OF CELLS 



COLLECTm 
BOTTLE WITH 
'SUSPEHSIOH 
OF CELLS 



FIG. 13 



SUBSTITUTESHEET(RULE26) 



INTERNATIONAL SEARCH R£PORt ' 


Inlon al AppUcjSon No 

PCT/US 96/09139 


A. CLASSIFICATION OF SUBIBCr MATTER 

IPC 6 G01N21/35 




Acconling to Intematiaiial Patent Oassiflc«tion (IPC) or to both national daaificanon and (PC 




B. FIELDS SEARCHED 


Minimum documentation Marched (dasafication system foliowed by dasafication tymboU) 

IPC 6 GeiN 



Documentatioa scard icd other than niiniraum documentation to Ihs exeent that such documents are ioduded in the fieldi aeanhcd 



Electranie daA base coiwiltfd during the international search (name of data base and, where praciicaU search ttinis usetQ 



Categgiy* 


Gtalian of document, with indicatiaa. where appropiiafie, of the rdevant passages 


. Relevant to daim No. 


X 


W0,A»92 15008 (MIT) 3 Septenber 1992 


1-5 




see page 3, line 20 - page 4, line 21 






see page 5, paragraph 1 






see page 18, line 23 - line 25 






see page 21, line 13 - line 16 






see page 22, line 1 - line 3 






see page 27, line 8 - line 14 






see page 52» line 12 - page 53, line 14 






see page 57, line 31 - page 58, line 2 






see figures 2,4,5,18. 19A,20A 




A 


W0,A,93 03672 (REDD) 4 March 1993 


1.4.5 




see abstract 






see page 15, line 13 - page 16, line 6 






see page 16, line 35 - page 17, line 6 











Further docwnents are listed in the continuation of boa C 



m 



Patent Eumly m cmbos are listed in a 



* Special categories of dted documencs : 

'A' document dcTinxng (he general state of (he ait which is not 

conftdered to tie of particular rdcvance 
*E* eailier docummt but published on or «fler the tntematiottal 

{Ding date 

'L' document which may throw doubts on priority daini(s) or 
which is dted to estaUish the publicaQon date of another 
citation or other spedal reason (as spedfied) 

'O' document referring to an oral disdosure, use, exhitattion or 



T later document puhUshed after the inteniatioQal filing date 
or priority date and not in conflict with tlu ap p lica t ion but 
dted to undeistuid the prindpie or theory underiytng the 



'P* document ptdiUtfied prior to the international filing date but 
later than the priority date daimed 



invention 

'X' document of particular idcvance; the daimed invention 
camoc be considered novd or cannot be considered to 
involve an inventive step when the document is taken alone 

•Y" document of particular rdevance; the daimed invention 
cannot be oonadered to involve an inventive step when the 
document is combined with one or more other sudi docu- 
ments, sud) combination bdng obvious to a perKm skilled 
in the art. 

'£* document member of the same patat family 



D^Oe of the actual completion of the international search 

30 September 1996 


Date of mailing of the tntemational search repOR 


Name and mailing addrest of the ISA 

European Patent Office, P.B. 58 U PatenUaan 2 
NL - 2280 HV Rijiwijk 
Td. i-*^ 31-70) 340-2040, Tx. 31 651 «po nl. 
Fax (+31-70) 340-3016 


Authorized officer 

Thomas, R.M. 



Form PCT/ISA/aiO (naa4 thcst) (July 1992) 



page 1 of 2 



INTERNATIONAL SEAkCS REPORT 



Infiem: il AppUcatioQ No 

PCT/US 96/99139 



C(GGnlmuatiaiO OOCUMEKTS CX>NSip£RED TO BE RELEVAm* 



catioiv wbcre apprquuie, of Hie rdcvantpasagn 



Relevant to daini Noc 



P.X 



US.A,5 168 162 (OONG) 1 December 1992 
cited in the application 
see column 2, line 13 - line 34 
see column 3, line 51 - line 64 
see coluiwi 4, line 49 - line 57 
see claim 1; figures 1,2 

W0,A,95 26592 (PACIFIC NORTHWEST) 5 
October 1995 

see page 3, line 12 - line 20 
see page 4, line 24 - page 5. line 5 
see page 7 » line 6 - page 8, line 29 
see page, 12, line 27 - page 13, line 17 
see figures 2,13 



1-5 



Foim PCT/ISA/310 (contiauilioA of teooitd sheet} (July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



iiitiMHuiiQa on prtciit Ciiialy nwinbcw 


ioteiTu il Application No 

PCT/US 95/09139 


Patent document 
cited in seardi feport * 


Publication 
date 


. Patent family 
nien^>er(8) ' ■ 


Publicaiion 
dale 



W0-A-9215e08 


03-09-92 


CA-A- 


2194968 


27-08-92 






EP-A- 


0573535 


15-12-93 






Jr- 1 - 






WO-A-9303572 


04-03-93 


AU-A- 


2519892 


16-03-93 


US-A-S168162 


01-12-92 


CA-A- 


2035693 


05-08-92 






AU-A- 


1180892 


07-09-92 






WO-A- 


9214134 


20-08-92 






CN-A- 


1067314 


23-12-92 






EP-A- 


0570418 


24-11-93 






JP-T- 


6587237 


11-08-94 


W0-A-95265G2 


05-10-95 


AU-A- 


2231595 


17-10-95 



4 



Pons KT/OAmi <pa«cM UaOf aiuMxl <Jttty 1992) 



WORLD INTELLECTOAL PROPERTY ORGANIZATION 
Internationa] Bureau 




PCX 

IlSmERNATIONAL APPUCATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ : 
GOIN 21/35 



At 



(11) IntemaUonal Publication Number: WO 96/41152 

(43) International Publication Date: 19 December 1996 (I9.1Z96) 



(21) International Appfication Number: PCT/US96/09139 

(22) International FiUng Date: 6 June 1996 (06.06.96) 



(30) Priority Data: 
08/523,972 



7 June 1995 (07.06.95) 



US 



(71) Kpp\k&nt (for all designated States except US): INPHOCYTE. 

INC. [US/US]; 350 Main Street, While Plains, NY 10601 
(US). 

(72) Inventors; and 

(75) Inventors^Applicants (for OS only): ZAKIM. David, S. 
(US/US]; 15 Coic Drive, Arraonk, NY 10504 (US). LORD. 
John. B. [AUAJS]; 209 Greenwicfa Street, Bedfoxd. NY 
10506 (US). 

(74) Agents: KENNARD, Wayne. M et al.; Hale and Dorr, 60 State 
Street, Boston, MA 02109 (US). 



(81) Designated States: AL. AM. AT. AU. AZ. BE. EG. BR. BY. 
OA, CH, CN, CZ. DE. DK. EE. ES. FI. GB. GE. HU. IL, 
IS. JP, KE, KG. KP. KR. KZ. LK. LR. LS. LT. LU, LV. 
MD, MG, MK. MN, MW, MX. NO. NZ. PL. PT. RO. RU. 
SD. SE, SG, SI. SK. TJ. TM. TR. TT, UA. UG, US. UZ. 
VN. ARIPO patent (KE. LS. MW. SD. SZ. UG). Eurasian 
patent (AM. AZ, BY. KG. KZ. MD. RU. TJ. TM), European 
patent (AT. BE. CH. DE, DK, ES. FI. FR. GB. GR. IE. IT, 
LU. MC. NL. PT, SE). OAPI patent (BF. BJ. CF, CG. CI. 
CM, GA, GN, ML. MR. NE, SN. TD. TG), 



Pubtislied 

With international search report 
With amended claims. 

Date of publication of the amended daims: 

16 January 1997 (16.01.97) 



(54) Tide: A SYSTEM AND METHOD FOR DIAGNOSIS OF DISEASE BY INFRARED ANALYSIS OF HUMAN TISSUES AND 

CFIrInQ 




(57) Abstract 

A machine-based mediod for collecting and interpreting quantitative data on cells and tissues so that a diagnosis will obtain as to 
the existence or non-existence of disease in a human. Vibradonal spectroscopy is used and the spectra generated by such spectroscopy arc 
compared widi stored spectra to provide whether celb or tissues arc diseased, and if diseased to what degree. It. therefore, is possible to 
provide a basis for immediate diagnostic decisions for padcnts and physicians, leading in turn to immediate implementation of next-step 
procedures and treatment all in one visit to the doctor*s office. This means that patients and the examining clinician can laiow almost 
instantly whether or not the cells or dssue examined are nonnal or diseased, and the level of disease present if found. The advantages of 
bringing the diagnostic padiology sersrice directly into the doctor's office include immediate relief to die patient's concern about health as 
well as immediate clarificadon of what needs to be done next in order to treat the disease that is present, and include any other actions that 
arc necessary. The need for biopsies to obtain desired information on the existence or non-existence of disease is obviated. That is. there 
is a rapid identification of die area of dssue diat is affected by disease prior to obtaining biopsies. This makes it possible to apply a single 
standard of diagnostic accuracy anywhere in the world, independent of die local availability of padiologists or odier professionals. 
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AMENDED CLAIMS 
[received Iqr the Intematioiml Bureau on 5 Dccmber 199 

ori^naiclaiim unchanged; new dalms 6-1 14 added (10 pages)] ; 

6. A method capable of delecting and diagnosing disease in epithelial cells, 

comprising the steps of: 

(a) obtaining and storing in storage means first spectra in a mid-infrared frequency 
range for at least one cell from a patient being tested that has been determined to have a 
specific predetermined state; 

(b) collecting cells from the patient being tested: 

(c) generating second spectra in the mid-infrared frequency range from the cells 
collected at step (b); 

(d) comparing the first and second spectra for variations caused by a predetermined 
condition: and 

(e) diagnosing a change of levels of dysplasia based on the comparison at step (d) 
for determining a degree of progression or regression of dysplasia, or whether there has 
been no change in dysplasia. 

. 7. The method as recited in claim 6, wherein the mid-infrared frequency 

range is between 600-4000 cm"^ 

8. The method as recited in claim 6, wherein the collecting at step (b) may 
be carried out by scraping. 

9. The method as recited in claim 6, wherein the collecting at step (b) may 

be canied out by surgical biopsy. 

10. The method as recited in claim 6, wherein the collecting at step (b) may 
be carried out by fine needle aspiration. 

1 1. The method as recited in claim 6, wherein the collecting at step (b) may 
be canied out by a collection of stool. 

12. The method as recited in claim 6, wherein the collecting at step (b) may 
be carried out by a collection of urine. 

13. The method as recited in claim 6. wherein obtaining first spectra in step 
(a) may be carried out using infrared transmission techniques. 

14. The method as recited in claim 6, wherein obtaining first spectra in step 
(a) may be carried out using infrared reflectance techniques. 

15. The method as recited in claim 6, wherein obtaining first spectra in step 
(a) may be carried out using infrared attenuated total reflectance (ATR) techniques. 
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16. The method as recited in claim 6, wherein obtaining first spectra in step 
(a) may be carried out using muUi-variable perturbation infrared icchniqueis. 

17. The method as recited in claim 6, wherein generating second spectra in 
step (c) may be carried out using infrared transmission techniques. 

1 8. The method as recited in claim 6, wherein generating second spectra in 
step (c) may be carried out using infrared reflectance techniques. 

19. The method as recited in claim 6, wherein generating second spectra in 
step (c) may be carried out using infrared attenuated total reflectance (ATR) techniques. 

20. The method as recited in claim 6, wherein generating second spectra in 
step (c) may be carried out using muUi-variable perturbation infrared techniques. 

21. The method as recited in claim 6. wherein the method may be used for 
delecting and diagnosing disease in epithelial cells in humans. 

22. The method as recited in claim 6. wherein the method may be used for 
detecting and diagnosing disease in epithelial cells in non-humans. 

23. The method as recited in claim 22, wherein the method may be used for 
delecting and diagnosing disease in epithelial cells in animals. 

24. The method as recited in claim 6, wherein the method may be used for 
delecting and diagnosing disease in epithelial cells in-vilro. 

25. The meUiod as recited in claim 6, wherein die specific predetermined 
state in step (a) is dysplasia. 

26. The method as recited in claim 6, wherein die specific predetermined 

stale in step (a) is non-dysplasia. 

27. The meOiod as recited in claim 6, wherein die specific predetermined 

state in step (a) is precancer. 

28. The method as recited in claim 6, wherein die specific predetermined 

state in step (a) is frank cancer. 

29. The method as recited in claim 6, wherein the predetermined condition 

in step (d) is dysplasia, 

30. The method as recited in claim 6, wherein die predetermined condition 

in step (d) is inflammation. 

3 1 . The method as recited in claim 6, wherein the obtaining the first Raman 
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spectra includes coUecring said first spectra in-situ. 

32. The method as recited in claim 3 1 , wherein collecting said first spectra 
in-situ includes collecting with a sensing probe. 

33. A method capable of delecting and diagnosing disease in epithelial 
cells of humans, comprising the steps of: 

(a) obtaining and storing in storage means first spectra in a near-infrared frequency 
range for at least one cell from a paueni being tested that has been determined to have a 

specific predetennined state: 

(b) collecting cells from the patient being tested: 

(c) generating second spccua in the near-infrared frequency range from the cells 
collected at step (b): 

(d) comparing the first and second spectra for variations caused by a predetermined 
condition: and 

(e) diagnosing a change of levels of dysplasia based on the comparison at step (d) 
for determining a degree of progression or regression of dysplasia, or whether there has 
been no change in dysplasia. 

34. the method as recited in claim 33. wherein the near-infrared frequency 

range is between 4000- 10,000 cm"'. 

35. The method as recited in claim 33, wherein the collecting at step (b) 
may be carried out by scraping. 

36. The method as recited in claim 33, wherein the collecting at step (b) 
may be carried out by surgical biopsy. 

37. The method as recited in claim 33. wherein the collecting at step (b) 
may be carried out by fine needle aspiration. 

38. The method as recited in claim 33, wherein the collecting at step (b) 
may be carried out by a collection of stool. 

39. The method as recited in claim 33, wherein the collecting at step (b) 
may be carried out by a collection of urine. 

40. The method as recited in claim 33. wherein obtaining first specu^ in 
s;lep (a) may be carried out using infrared u-ansmission techniques. 

41. The method as recited in claim 33, wherein obtaining first spectra in 
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Step (a) may be carried out using infrared reflectance techniques. 

42. Th&method as recited in claim 33, wherein obtaining first spectra in 
step (a) may be carried out using infrared attenuated total reflectance (ATR) techniques. 

43. The method as recited in claim 33, wherein obtaining first spectra in 
step (a) may be carried out using multi-variable perturbation infrared techniques. 

44. The method as recited in claim:33, wherein generating second spectra 
in step (c) may be carried out using infrared transmission uschniques. 

45. The method as recited in claim 33. wherein generating second specu^ 
in step (c) may be carried out using infrared reflectance techniques. 

46. The method as recited in claim 33, wherein generating second spectra 
in step (c) may be carried out using infrared attenuated iota! rcllcciance (ATR) techniques. 

47. The method as rcciuid in claim 33, wherein generating second spectra 
in step (c) may be carried out using multi- variable perturbation infrared techniques. 

48. The method as recited in claim 33, wherein the method may be used for 
detecting, and diagnosmg disease in epithelial cells in-viuro. 

40. The method as recited in claim 33. wherein the specific predetermined 

state in step (a) is dysplasia. 

50. The method as recited in claim 33, wherein the specific predetermined 

state in step (a) is non-dysplasia. 

51. The method as recited in claim 33, wherein the specific predetermined 

state in step (a) is precancer. 

52. The method as recited in claim 33. wherein the specific predetermined 

state in step (a) is frank cancer. 

53. The method as recited in claim 33, wherein the predetermined condi- 
tion in Step (d) is dysplasia. 

54. The method as recited in claim 33, wherein the predetermined condi- 
tion in Step (d) is inflammation. 

55. The method as recited in claim 33, wherein the obtaining the first 
Raman spectra includes collecting said first specu-a in-situ. 

56. The method as recited in claim 58, wherein collecting said first specura 
in-situ includes collecting with a sensing probe. 
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57. A method capable of detecting and diagnosing disease in epithelial 
cells, comprising the steps of: 

(a) obtaining and storing in storage means first Raman spectra for at least one cell 
from a patient being tested that has been detemined to have a specific predetermined 
state; 

(b) collecting cells from the patient being tested: 

(c) generating second Raman spectra from the cells collected at step (b); 

(d) comparing the lirsi and second Raman spectra for variations caused by a prede- 
termined condition: and 

(e) diagnosing a change ol' levels of dysplasia based on the comparison at step (d) 
for determining a degree of progression or regression of dysplasia, or whether there has 
been no change in dysplasia, 

58. The method as recited in claim 57, wherein the collecting at step (b) 

may be carried out by scraping. 

59. The method as recited in claim 57, wherein the collecting at step (b) 

may be carried out by surgical biopsy. 

60. The mediod as rcciicd in claim 57, wherein the collecting at step (b) 
may be carried out by fine needle aspiration. 

61. The method as recited in claim 57. wherein the collecting at step (b) 
may be carried out by a collection of stool. 

62. The meUiod as recited in claim 57, wherein the collecting at step (b) 
may be carried out by a coUecuon of urine. 

63. The method as recited in claim 57. wherein the method may be used for 
detecting and diagnosing disease in epithelial cells in humans. 

64. The method as recited in claim 57. wherein the method may be used for 
detecting and diagnosing disease in epithelial cells in non-humans. 

65. The meUiod as recited in claim 64. wherein the method may be used for 
detecting and diagnosing disease in epithelial cells in animals. 

66. The method as recited in claim 57, wherein the method may be used for 
detecting and diagnosing disease in epithelial cells in-viu-o. 

67. The method as recited in claim 57. wherein the specific predetermined 
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state in step (a) is dysplasia. 

68. The method as recited in claim 57, wherein the specific predetermined 

state in step (a) is non-dysplasia, 

69. The method as recited in claim 57, wherein the specific predetermined 
state in step (a) is precancer. 

70. The method as recited in claim 57. wherein the specific predetermined 

stale in step (a) is frank cancer. 

7 1 . The method as recited in claim 57, wherein the predetermined condi- 
tion in step (d) is dysplasia. 

72. The method as recited in claim 57. wherein the predetermined condi- 
tion in step (d) is inllaramalion. 

73. The method as recited in claim 57. wherein the frequency range of the 

Raman spectra is from ultraviolet to near-infrared. 

74. The method as recited in claim 57, wherein the obtaining the first 

Raman spectra includes collecting said first spectra in-situ. 

75. The method as recited in claim 74, wherein collecting said first spectra 
in-situ includes collecting with a sensing probe. 

76. A method capable of detecting and diagnosing disease in epithelial 

cells, comprising the steps of: 

(a) obtaining and storing in storage means first resonance Raman spectra for at 
least one cell from a pauent being tested that has been determined to have a specific prede- 
termined state: 

(b) collecting cells from the patient being tested: 

(c) gencraung second Raman spectra from the cells collected at step (b); 

(d) comparing the first and second resonance Raman spectra for variations caused 
by a predetermined condition: and 

(e) diagnosing a change of levels of dysplasia based on the comparison at step (d) 
for determining a degree of progression or regression of dysplasia, or whether there has 
been no change in dysplasia. 

77. The method as recited in claim 76, wherein the collecting at step (b) 

may be carried out by scraping. 
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78. The method as recited in claim 76, wherein the collecting at step (b) 

may be carried out by surgical biopsy. 

79. The method as recited in claim 76, wherein the collecting at step (b) 
may be carried out by fine needle aspiration. 

80. The method as recited in claim 76, wherein the collecting at step (b) 
may be carried out by a collection of stool. 

8 1 . The method as recited in claim 76, wherein the collecting at step (b) 
may be carried out by a collection of urine. 

82. The method as recited in claim 76» wherein the method may be used for 
detecting and diagnosing disease in epithelial cells in humans. 

83. The method as recited in claim 76. wherein the method may be used for 
detecting and diagnosing disease in epithelial cells in non-humans. 

84. The method as recited in claim 83, wherein the method may be used for 
delecting and diagnosing disease in epithelial cells in animals. 

85. The method as recited in claim 76, wherein the method may be used for 
detecting and diagnosing disease in epithelial cells in-vitro. 

86. The method as recited in claim 76, wherein the specific predetermined 

state in step (a) is dysplasia. 

87. The method as recited in claim 76, wherein the specific predetermined 

state in step (a) is non-dysplasia. 

88. The mcOiod as recited in claim 76, wherein the specific predetennined 

state in step (a) is precancer. 

89. The method as recited in claim 76, wherein the specific predetermined 

state in step (a) is frank cancer. 

90. The method as recited in claim 76, wherein the predetermined condi- 
tion in step (d) is dysplasia. 

91. The method as recited in claim 76, wherein the predetermined condi- 
tion in step (d) is inflammation. 

92. The method as recited in claim 76, wherein the frequency range of the 
Raman spectra is from ultraviolet to near-infrared. 

93. The method as recited in claim 76, wherein the obtaining the first 
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Raman spectra includes coltecting said first spectra in-situ. 

94. The method as recited in clainn 93, wherein collecting said first spectra 

in-situ includes collecting with a sensing probe. 

95. A method for detecting and diagnosing disease in epithelial cells for 
grading on a continuous scale of a predetermined range from non-dysplasuc to fuUy dys- 
plastic, comprising the steps of: 

(a) setting a first quantitative value along the continuous scale representaUve of a 
predetermined dysplastic condition for at least one cell of a patient being tested so that rel- 
ative changes in a degree of dysplasia may be determined for said patient: 

(b) collecting cells from the patient being tested: 

(c) generaUng spectral information from the cells collected at step (b): 

(d) determining a second quantitative value along the conUnuous scale that is rep- 
resentative of spectral information generated at step (c); 

(e) comparing the first and second quantitative values on the continuous scale; and 

(f) deteiTOining based on the first and second quanutaiive values a degree of pro- 
gression or regression of dysplasia, or whether there has been no change in dysplasia. 

96. The method as recited in claim 95, wherein the method may be used for 
detecting and diagnosing disease in epithelial cells in humans. 

97. The method as recited in claim 95. wherein the method may be used for 
delecting and diagnosing disease in epithelial cells in non-humans. 

98. The method as recited in claim 97, wherein the method may be used for 
detecting and diagnosing disease in epithelial cells in animals. 

99. The method as recited in claim 98, wherein the method may be used for 
detecting and diagnosing disease in epithelial cells in-vitro. 

100. The method as recited in claim 95. wherein the collecting at step (b) 

may be carried out by scraping. 

101. The method as recited in claim 95. wherein the collecting at step (b) 

may be carried out by surgical biopsy. 

102. The method as recited in claim 95, wherein the collecting at step (b) 

may be carried out by fine needle aspiration. 

103. The method as recited in claim 98, wherein the collecting at step (b) 
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may be carried out by a collection of stool. 

104. The method as recited in claim 98, wherein the coUecting at step (b) 
may be carried out by a collection of urine. 

105. A method for delecting and diagnosing disease in epithelial ceUs for 
grading on a continuous scale of a predetermined range from non-dysplastic to fully dys- 
plastic, comprising the steps of: 

(a) setting a first quantiutive value along the continuous scale representative of a 
predetermined dysplastic condiUon for at least one cell in a cell culture b^ing tested so that 
relative changes in a degree of dysplasia may be determined for said cell culture;: 

(b) collecting cells from the cell culture being tested; 

(c) generating spectral information from the cell collected at step (b); 

(d) determining a second quantitative value along the continuous scale that is rep- 
resentative of spectral information generated at step (c); 

(e) comparing the fiisl and second quantitative values on the continuous scale: and 
(0 determining based on the first and second quantitative values a degree of pro- 
gression or regression of dysplasia, or whether there has been no change in dysplasia. 

106. The metiiod as recited in claim 105. wherein the metiiod may be used 
for detecting and diagnosing disease in epithelial cells from humans. 

107. TTie method as recited in claim 105. wherein the method may be used 
for detecting and diagnosing disease in epiUtelial cells from non-humans. 

108. Hie method as recited in claim 105, wherein the method may be used 
for detecting and diagnosing disease in epithelial cells from animals. 

109. The method as recited in claim 105. wherein the method may be used 
for detecting and diagnosing disease in epithelial cells in-vitro. 

1 10. The mediod as recited in claim 105, wherein the collecting at step (b) 

may be carried out by scraping. 

1 n. The method as recited in claim 105. wherein the collecting at step (b) 

may be carried out by surgical biopsy. 

1 12. The method as recited in claim 105. wherein the coUecting at step (b) 

may be carried out by fine needle aspiration. 

1 13. The raetiiod as recited in claim 105, wherein the collecting at step (b) 
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may be carried out by a collection of stool. 

1 14. The method as recited in claim 105. wherein the coUecUng at step (b) 
may be carried out by a collection of urine. 
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